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ABSTRACT 
Future Water Demand in Cache Valley, Utah 
by 
Chris C. Saunders, Master of Science 
Utah State University, 1993 
Major Professor: John K. Nicholson 
Department: Landscape Architecture and Environmental Planning 
The present investigation examined the current water demand 
characteristics and the future water demand of Cache Valley, Utah for the time 
period of 1990 - 2010. The demand attributable to agriculture and seven 
nonagricultural economic sectors was determined and forecasts were 
performed based on those demand values. 
Linear regression , extrapolation , and alternative futures forecasting 
methods were applied and the various results compared against each other. 
Three different scenarios were calculated for residential demand to represent 
different sources and composition of demand information. It was determined 
that consideration of water demand data excluding Logan City provided the 
best statistical description of water demand. 
A discussion of the probable changes in the three water demand 
components, agriculture, industrial, and residential, addressed issues of 
conservation and change of use patterns which would impact on the need for 
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future development of new water supplies to meet the forecast demand for 
Cache Valley, Utah. 
(175 pages) 
CHAPTER I 
OUTLINE AND PROBLEM STATEMENT 
The beginnings of this thesis originated in a sociology class discussing 
natural resource use. Among the readings was a description of the 
confrontation between Owens Valley and Los Angeles, California in which Los 
Angeles stripped the Owens Valley of essentially all its water (Gottlieb, 1988). 
Numerous similarities were noted between this situation and Cache Valley's 
current situation. In order to help prevent a repeat occurrence this thesis was 
undertaken to help provide information on Cache Valley, Utah's water needs 
for the next 20 years. 
Outline 
The purpose of this thesis is to develop a 20-year water demand forecast 
for Cache Valley, Utah. To fulfill this purpose this thesis will attempt to 
complete the following six objectives: 
1. Determine current water demand in Cache Valley. 
2. Determine current patterns of water use, e.g., which sectors of activity 
use the most water. 
3. Determine how continued current patterns of water use and variations 
of these patterns will affect the future demand for water. 
t__:.r.•P _ ___:,:3"~--l'l" MLEs I 
...... 
Rgure 1. Geographical location of Cache Valley, Utah and Idaho, and the 
Cache Valley drainage basin. (Bjorklund & McGreeVy, 1971, p. 4) 
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4. Permit explicit scenario variations to be introduced to test possible 
effects on demand by different courses of action and to check for sensitivity to 
specific water uses. 
5. Provide a reasonable estimate of Cache Valley water needs for the 
next 20 years. 
6. Allow persons without extensive backgrounds in computer modeling 
or resource management to understand the supply and demand process for 
water in their areas. The valley's geographical setting is shown in Figure 1. 
In undertaking a projection of future water use several issues must be 
considered. The first is that any projection of future demand makes many 
assumptions concerning the conditions that will be prevalent in the future. This 
includes technology used in water-using appliances and processes, land use 
characteristics, such as the size of landscaped areas in urban areas, and 
changes in precipitation and other climatic variables. As the case study of 
Cache Valley, Utah is completed through this thesis, various permutations of 
future conditions will be calculated in an effort to consider the different results 
relating to different sets of assumptions. The author will specify as clearly as 
possible those factors which are being changed and which remain as fixed 
factors. 
This thesis will contain a review of literature, including: (a) a background 
of the social development leading to settlement and water demand patterns in 
the west, (b) legal issues involving water, and (c) the process of forecasting 
itself. Chapter Ill will discuss methodology of forecasting techniques. The 
4 
results of the forecasting effort will be described in Chapter IV and Chapter V 
will present the conclusions of this study. Recommendations on future water 
use and development will comprise Chapter V. 
Problem Statement 
The need to rationally look ahead to future water needs and compile this 
type of information is clearly illustrated in a quote from Municipal Water 
Systems by Holtz and Sebastian (1978, p. 3). 
The need for effective planning of the nation 's urban water systems is 
greater today than at any time in history. In the past, water was not 
considered to be an economic good, subject to the laws of supply and 
demand , but rather a physical substance required by a particular 
community. Issues of waste disposal and water quality were rarely of 
much interest to those concerned with water supply. Typically, in 
response to either a burgeoning demand or a prolonged drought, 
communities sought to increase their available supply, often through the 
construction of a new reservoir. Other alternatives seldom were 
considered; the emphasis was clearly on a narrow range of choices 
through the reliance on what some refer to as the "technological fix ." 
As the development of the western United States continues , the 
competition for water supplies continues to intensify. This situation is 
exacerbated by prolonged droughts which have been common throughout the 
region for the last several years. Population and economic growth patterns of 
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the past have seldom been structured to meet local constraints and limits 
(Reisner, 1986; Worster, 1985). 
Due to various developmental differences between the Utah and Idaho 
portions of Cache Valley, including differing legal requirements and limits, only 
the Utah portion of Cache Valley will be examined. 
Cache Valley, Utah is an area which has experienced significant 
population growth over the past two decades (U.S. Bureau of the Census, 
1991 ). As a result , greater demand for water has spurred increased use of 
existing systems and increased numbers of wells being drilled. This push for 
increased development was a motivating factor in a recent drive to form a water 
conservancy district. Continuing rapid development is anticipated for Cache 
Valley, Utah (Division of Water Resources, 1992; State Office of Planning and 
Budget, 1992). 
Studies of water in Cache Valley, Utah done in the past, such as 
Bjorklund and McGreevy's Groundwater Resources of Cache Valley Utah and 
.lQahQ (1971) and A Groundwater Model of Cache Valley Utah by Clyde, 
Jeppson, and Liu (1984), have examined almost exclusively the physical 
conditions relating to the presence of water in the valley. These reports 
provide descriptions of aquifer characteristics, recharge rates, and other 
relevant data. The United States Geological Survey (USGS) in cooperation 
with state agencies publishes annual updates of groundwater use. During 
investigations for this thesis little description of the characteristics of the water 
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users in Cache Valley, Utah and the quantities of water used has been found 
despite the previous studies. 
In the past the solution to problems of how much water should be 
delivered or developed in a given area seldom resulted from looking carefully 
at the reasonable future need. Solution to the supply-demand pressures 
usually generated a new dam or similar project. The advent of significant 
social change in the perception of resource use, increased valuation of 
undeveloped areas, and budget constraints altered the process which 
determines water management and development. The previous national 
programs of water use and development implemented by the Bureau of 
Reclamation and Army Corps of Engineers focused largely on supply 
augmentation. These programs have been declared insufficient by the 
agencies themselves (Moore , 1991) and rendered inadequate by rapidly 
increasing financial burdens for construction, environmental , and political 
costs. 
Constraints on water development as listed by Holtz and Sebastian 
(1978) and Prasifka (1988) are as follows: 
1. High financing costs for loans and diminishing federal grants and 
assistance. 
2. High cost per unit of new water. 
3. Legal restraints on various forms of water exchanges. 
4. Increasing scarcity and competition for the water resource. 
5. Contamination of water sources by ot~er users. 
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6. Increasing costs for treatment of water. 
From personal observation the author would add to this list an increasing 
resistance to the environmental and aesthetic changes of large-scale water 
development projects. 
Any study, including this one, has limitations. Due to the nature of 
published information the data available are never the most recent information 
possible. Information on water use, population, and land use are often 
published a year or so later than the time for which they have reference . To 
circumvent this problem it was determined to use 1990 as a baseline year 
which will be used as much as is feasible. The year 1990 is significant 
because of the decennial census of the U.S. It is necessary that the most 
accurate population data available be utilized. This study is also limited in the 
breadth of what it is able to address. 
In an effort to improve the available information on water use in Cache 
Valley, Utah, a survey was directed to the 61 largest employers in the valley. 
This survey asked questions relating to quantity of water used, number of 
persons employed, and the purpose for which the water was used in their 
business. This provided for the accumulation of better information on water 
use in specific sectors of the economy than would be available from a 
nationwide average or lump sum totals of water use in a specific city in the 
valley. 
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CHAPTER II 
LITERATURE REVIEW AND CONTEXT SETTING 
This literature review will provide information and references to help 
place into context the work of this thesis, which is to develop a water demand 
forecast for Cache Valley, Utah. To do this a number of different topics will be 
discussed: (a) how different forces shaped the settling and development of the 
American continent ; (b) the process of forecasting; and (c) a description of 
Cache Valley, Utah and its populace as a case study in forecasting water 
demand. 
In order to look to the future an understanding of the motivations of past 
actions is necessary. Existing cultural practices and outlooks wh ich were 
established under different conditions are often challenged by a changing 
reality which requires society to reconsider its priorities and change how it 
deals with the world. 
The Social Background of Water Development in the West 
The World View of Western Settlers 
Hargrove (1989), in describing the history and formation of western 
Christian views of the world, noted several dominant ideas. These attitudes 
towards the earth and the use of its resources came about during the 
developmental years of Christianity previous to the settlement of the American 
continent. God's injunction to Adam to subdue the earth as recorded in the 
9 
Book of Genesis in the Bible helped set the background for the pattern of 
development of the water and other resources of the West. The manner in 
which this statement was interpreted supported two ideas. First was the idea 
that order was of God. Since there was no apparent order in uncultivated 
lands, they were of the devil and needed to be subjected through cultivation. 
Second was the concept that people were to control the earth and not the 
other way around. This idea prevented the acceptance of limits, such as 
sustainable yield, on human activities in resource exploitation and 
development. 
When the Americas were initially settled, these ideas played a key role in 
how the settlers perceived their new land. When the pilgrims stepped off their 
ships, they were faced with a raw land bearing no resemblance to "Christian" 
lands. They set about to bring order and the "Rule of God" to their new home. 
The presence of this mental structure was clearly shown in Limerick (1987). 
She stated, "When in the 1850's, white farmers arrived in Island County, 
Washington, they had a clear sense of their intentions: 'To get the land 
subdued and the wilde nature out of it' .. ." (p. 43). The abundance of easily 
available resources such as timber and fish in the north and the very profitable 
production of rice and tobacco in the ·south further encouraged the 
development of the resources through larger harvests and increasing the area 
under cultivation. 
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Resource Use 
As the settlers explored the vastness of the North American continent, 
they became convinced that it had such an abundance of natural resources 
that there would never be a need for conservation. This mind set, or paradigm, 
of abundance played a role in the way that resources were utilized, such as 
timber or fur-bearing animals, which were harvested until exhausted and then 
new areas were exploited. 
One of the motivations behind this pattern of resource use, deplete and 
move on, has been described in "The Tragedy of the Commons" by Garrett 
Hardin (1968) . When there is a commonly held resource which can be 
exploited by anyone who wishes, a conflict occurs. Any renewable resource 
such as timber or fur-bearing animals has a rate at which it can be continuously 
harvested without causing a nonrecoverable depletion of the resource. The 
yield from this harvest rate must be spread among all those who participate in 
the harvest. This limits the profits available to an individual harvester. If 
individual harvesters take more than what would normally be their share, the 
resource is damaged, but all the extra profit goes to the persons who take 
extra. Therefore, it is to each individual's immediate benefit to take as much of 
a resource as possible before someone else gets it. Because of this, one 
greedy person can invalidate the well planned cooperative utilization of a 
commonly held resource. This problem has been partially solved in most 
countries by creating private property, which limits who is able to take from a 
resource. When applied to water resources the concept of private property 
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can lead to haphazard and poorly planned development. Water is not a static 
resource, like land. It therefore can not be divided in exactly the same way. 
When a water claim is filed, what is truly being claimed is the right to use rather 
than own a certain quantity of water. Since each person is trying to claim the 
amount of water that will satisfy any possible need in the future, far greater 
quantities than are actually needed are taken. Wasteful use of the water often 
follows leading to a much lower total benefit to society from the use of the water 
resource. 
The idea of abundance as described by Hargrove (1989) was reenforced 
by the differences in social structure between the new world and the old. In 
Europe the land and the use of its resources were tightly controlled by 
landlords and the aristocracy who exercised great control over the rest of the 
population. In the Americas the supervision of the land was very sparse at any 
distance beyond the town limits and the boundaries of land were vague. This 
allowed a previously unknown freedom of use to many of the settlers. 
Settlement and Development of Irrigation 
A series of events in the early 1800s advanced the western movement of 
America. Large land purchases first from France and later from Mexico added 
huge areas to the geographical extent of the United States. Changes in the 
economic structures of European countries displaced large masses of people 
from the country to the city. Land speculators often recruited these people to 
come to their holdings in America (Worster, 1985; Reisner, 1986). Manifest 
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Destiny, the belief by many of America's divine call to span the continent, also 
rose as a compelling force in motivating support for westward expansion. 
Limerick (1987, p. 36) stated, 
The ends abundantly justified the means; personal interest in the 
acquisition of property coincided with national interest in the acquisition 
of territory, and those interests overlapped in turn with the mission to 
extend the domain of Christian Civilization. 
Problems arose in the settlement of the west when the one hundredth 
meridian was passed. The climate west of the 100th meridian, which passes 
through the western section of the Great Plains, is much drier than in the 
eastern parts of the United States and rainfall is often either insufficient or too 
unpredictable to use for farming. For those who held land along the rivers , 
water was available but few knew how to utilize it for irrigation as there had 
been no previous need to learn irrigation techniques. The existing legal 
structure also prohibited removal of water from the streams (Goldfarb, 1988). 
Many settlers went bankrupt or gave up and returned to the east. Many 
bypassed the area of the Great Basin and continued on to either California or 
Oregon. 
The arrival in the Salt Lake Valley on July 24, 1847 by the Church of 
Jesus Christ of Latter-Day Saints (LOS), often called Mormons, was an 
important occurrence for water use in the west. Due to the semi-arid conditions 
they immediately began to establish practices of irrigation in order to grow 
crops. The LOS settlers established the first large-scale Anglo society that 
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used irrigation as its principal means of growing crops (O'Dea, 1957; Reisner, 
1986; Worster, 1985). Figure 2 is a photo of a canal being built in Cache 
Valley, Utah as part of the local irrigation system. As the ability of irrigation to 
sustain crops for a substantial population was demonstrated by the LOS 
culture , others utilized it on an ever increasing scale. This increase was 
encouraged by the belief that taming the earth through irrigation was holy 
(O'Dea, 1957). 
In Rjyers of Empire, Worster (1985, p. 97) related part of a speech by the 
Reverend Thomas Starr King who, in speaking to the San Joaqin Valley 
Agricultural Society in 1862, said, 
.Eim.!N2- Canal construction in Cache Valley, Utah (1923-24). 
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The earth is not yet finished .... It was not made for nettles, nor the 
manzanito [sic] and chaparral. It was made for grain, for orchards, for the 
vine, for the comfort and luxuries of thrifty homes. It was made for these 
through the educated, organized, and moral labor of man. 
Irrigation has passed through several different phases of complexity in 
development. First was individual effort where a single user diverted water to 
his fields. Second was the mutual effort characterized by the Mutual Irrigation 
Companies of the LOS culture where labor was contributed in shares to enable 
a greater scale of diversion and delivery systems than would be possible by a 
single person. Third was the intervention by governmental efforts in various 
programs where the resources of the state or whole country were focused on 
generating irrigation and other water control projects. 
As this third phase happened, it was assisted and encouraged by what 
became known as Iron Triangles. According to Cortner and Auburg (1988 ) 
and Worster (1985) , these triangles are a circuit of self-reenforcing behavior 
that comes to dominate a program. To illustrate this process, a water 
development agency such as the Bureau of Reclamation needed to build 
irrigation projects in order to justify its continued existence and maintain its 
preferred activities and programs. People with influence in a community, 
usually the wealthy, wished further economic development of their region and 
saw irrigation and additional water supplies as the key to doing that. They 
contacted their political representatives and exchanged support in elections for 
support for projects in their area. The Bureau then helped the local structure 
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get rich, who then supported the political representative that helped them, and 
the political person supported continued efforts by the Bureau so that people 
would continue to support him. This circuit of behavior often continued long 
after economic justifications were fulfilled and still continues today because it 
is to the personal advantage of those involved in the Iron Triangle. 
The religious belief of man 's obligation to dominate and subdue nature 
was coupled with the desire for wealth and property. This combined force had 
a strong influence on the development of the American continent. 
The Legal Evolution that Culminated in our Current System 
Riparianism 
In Water l aw, Goldfarb (1988) stated that when the original settlers of 
America arrived, they brought with them the legal concepts and forms of their 
home country, England. The form of water control they brought was called the 
Doctrine of Riparianism. This set of laws places the following conditions on 
water use: 
1. Any person who has land adjacent to a stream has a right to use the 
water. 
2. No person may remove the water from the stream and send it to 
another area. 
3. No person may cause a change in the stream characteristics that will 
cause a nuisance to another person. 
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4. People along the stream may consume the water for purposes such 
as watering livestock or household use (Goldfarb, 1988). 
For a long time this set of ideas was sufficient to govern the use of water. As 
the technology of society increased, additional demands were placed on 
stream flows to provide water for steam engines and other uses that removed it 
from the stream. This caused difficulties, but they were dealt with through a 
variety of means (Goldfarb, 1988). 
As the settlement of the western United States progressed, it became 
clear that this method of determining who could use the water was inadequate. 
Many times the rivers were in inaccessible canyons, the place where the water 
was needed was far from the river, or the need for water could not be satisfied 
under the Doctrine of Riparian ism. In response to these problems a new way 
of allocating water developed. 
Prior Appropriation 
The Doctrine of Prior Appropriation began in the mining camps of the 
Californ ia Gold Rush. The miners, like many settlers of the west, simply 
occupied land owned by the federal government for their own use. Water in 
the mining camps was allocated much the same way. A claim was made to a 
certain amount of water by placing a notice next to the point of diversion from 
the water course. Since the enforcement of law was often the responsibility of 
the miners themselves, the system worked since each miner assisted himself 
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by supporting the system. Following are several principles which came to 
characterize the limits and uses of water allowed by a claim: 
1. The first person to claim water held the first right to use it. The priority 
to a claim was based on time rather than on location on the stream. When 
there was less water in the stream than was claimed, a "senior appropriator" 
could force a "junior appropriator" to stop using the water. It was entirely 
possible for a river to be running past your property and you could have no 
right to use it. 
2. Water claims were limited to what was considered reasonably 
necessary for completion of the use for which it was claimed. A person could 
not claim an entire stream in order to water his garden. 
3. Water must be put to "beneficial use." This meant that water had to be 
used for a purpose that would increase the value or permit the production of 
something. It was not permissible to just claim water and then waste it. 
4. Water had to be used. A water claim could be declared forfeit if water 
had not been diverted and used for a period of time. This allowed newcomers 
to gain access to water previously claimed by persons who had died or quit 
operations. 
The system of prior appropriation changed water from a commonly held 
resource beyond individual control to a commodity that could be claimed for 
individual benefit and others barred from its use. This method is the same as 
that utilized for land resources. As stated by John Locke in Hargrove (1989, p. 
66), "As much land as a Man Tills, Plants, Improves, Cultivates, and can use 
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the Product of, so much is his Property. He by his Labour does, as it were, 
inclose it from the Common." In using the Doctrine of Prior Appropriation this 
same idea of exclusive access was now applied to water. 
Although this system originated in the mining camps of California, it 
applied to the entire area west of the one hundredth meridian with its limited 
water supplies. Over time the Doctrine of Prior Appropriation has been 
integrated into state laws and constitutions throughout the nineteen western 
states to a greater or lesser extent (Getches, MacDonnell , & Rice , 1991; 
Goldfarb, 1988). It is the main method of allocation of water in use today in the 
West. 
lncreasjng Complexjty of Water 
Resource Development 
As the development of the West progressed, the difficulty of capturing 
new supplies of unclaimed water increased. The best lands and most 
accessible water had been taken by the first settlers and those who followed 
after faced greater challenges. Soon it became apparent that group action 
would be required to construct the complex and expensive infrastructure 
necessary to move water to where it was needed. The LOS experience 
provided a model for others. 
When the LOS pioneers arrived in the Salt Lake Valley, their leader, 
Brigham Young, declared that the timber in the mountains and the water 
belonged to the community and could not be monopolized by any person. This 
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constraint was followed and the group efforts of the LDS society developed 
extensive water distribution systems which worked to the benefit of all. Since 
they had very little financial capital , the focus of the LDS efforts centered on 
labor contributions. Each man contributed labor to the construction and 
maintenance of the system according to the volume of water that he used. The 
support of the overall church organization enabled local settlements to develop 
greater systems than would otherwise have been possible (O'Dea, 1957). This 
early model continues in Utah today with the majority of water supply 
organizations for agricultural use being mutual irrigation companies (Division 
of Water Resources, 1992). 
Others who supported the settlement of the West, such as Horace 
Greeley, recognized the benefits of group effort demonstrated by the LDS 
system and sought to emulate it. In establishing the town of Greeley, Colorado 
a similar development arrangement was used (Dunbar, 1983). Such groups 
experienced varying degrees of success depending on the geography, climate, 
and social interactions of the group. 
Despite the greater abilities of such groups to harness water supplies, 
some projects required resources greater than any private group could muster. 
The Colorado River with its huge drainage basin is one of the largest rivers in 
the West, but its deep canyons and great variations in flow volume made it 
beyond the reach of local efforts. 
In 1902 the US Congress passed the Newlands Act establishing the 
Reclamation Service to assist in the continuing development and settlement in 
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the West. The original purpose of the Reclamation Service was much like the 
system set up by the LOS church. It provided financing and technical 
assistance to assist local areas in developing self-sustaining irrigation projects 
greater than they could undertake alone. Various difficulties such as cost 
overruns plagued the program and by the end of the 1920s it seemed that it 
would be abolished. It was saved by the Depression and the New Deal. 
While the Reclamation Service had quite limited success in developing 
self-sustaining irrigation projects, it was a champion at providing jobs. 
Reorganized into the Bureau of Reclamation, it undertook an ambitious new 
mission. Now in addition to providing irrigation water it would also provide 
water to municipalities and industries and generate hydroelectric power. With 
these new purposes and new federal funding the Bureau undertook to change 
the face of the American West (Reisner, 1986; Worster, 1985). 
According to Reisner (1986) and Worster (1985) the initial target of the 
Bureau was the Colorado River. There were millions of acre-feet of untamed 
water running through deep canyons which were ideal for hydroelectric power 
generation. Giant dams were built to deliver the water that had been allocated 
under the Colorado Compact. In accordance with the U.S. Constitution only 
Congress could regulate commerce between states and authorize projects that 
constrain navigation on interstate rivers. Accordingly, the states of the 
Colorado River Basin, California, Arizona, New Mexico, Utah, and Colorado, 
negotiated an agreement later ratified by Congress allocating the flow of the 
river to different states.' A similar agreement governs the distribution of water 
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from the Bear River as it passes through Utah, Wyoming, and Idaho (Division of 
Water Resources (DWR), 1992). As stated in Moore (1991) the Bureau of 
Reclamation provides over 25.5 million acre-feet of water to nearly 10 million 
acres of land throughout the West. 
Water Allocatjon 
The legal structure that governs how water is used has also been 
unnecessarily complicated by jurisdictional decisions. When John Wesley 
Powell first explored the Colorado River, he was impressed by the complexities 
of managing water in such an arid region. As a result , when Powell (1879) 
described conditions in the West, he advocated that the management of water 
be based on a drainage basin level. This proposed management strategy 
allowed for the most logical arrangement of the resource. 
Several occurrences prevented the implementation of Powell's 
suggested management plan. First was that when the state borders were 
established the divisions did not follow hydrological boundaries. This can be 
seen in Cache Valley where the same valley is divided between two states 
even though the water regime and conditions make it a natural management 
unit. Second was that the boosters of various areas such as southern 
California had little interest in limiting themselves to what was available in their 
own locality. 
The problematic results of ignoring Powell's suggested management 
policy are many. Currently, many different agencies with different missions 
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manage different aspects of the same hydrological area as if these aspects 
were all separate and unrelated. This lack of coordination has been likened 
by Toth (1990) to a pinata that when broken up retains little resemblance to its 
original form or function. The result has been a fragmented view of the world 
that works to society's disadvantage as it seeks to establish a sustainable 
economy and social structure. By only looking at one part of the world at a 
time crucial interactions are ignored. This phenomenon is clearly shown in 
Figure 3 and Table 1. To try and avoid this error, Cache Valley, Utah will be 
considered as a whole in doing analyses rather than breaking it into individual 
municipalities. 
Forecasting 
Hjstorv of Forecasting 
Forecasting is an effort to reduce uncertainty about the future. As such 
many decisions are made based on a forecast's results. The accuracy of a 
forecast in depicting future conditions is substantially influenced by the 
assumptions made currently about how people will behave and what they will 
need in the future. A fore.cast which has an assumption of high per capita use 
will obviously have a very different number as its result than one which has an 
assumption of low per capita use. To help in understanding these 
relationships this section of the thesis will discuss supply philosophies as well 
as the actual techniques used in forecasting. 
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Table 1 
.lurjsdjctjonal Breakdown of Selected Portjons of the Bear Rjyer Drainage 
Jurisdiction 
States 
Counties (in Utah) 
Municipalities (in Cache County) 
Irrigation Companies (in Cache County) 
Federal Agencies 
State Agencies 
Private 
Wells 
Total 
Number 
3 
4 
26 
70 
11 
7 
1 
.2AQQ. 
2,522 
As stated in Gottlieb (1988) , Gottlieb and Fitzsimmons (1991 ), and 
Prasifka (1988), for many years the process of forecasting water demand was a 
method of justifying previously made decisions of water development. The 
agency controlling water development and distribution or another 
governmental unit had already decided that they wished for greater water 
development in order to pursue purposes of institutional or personal gain. A 
forecast of future growth and expansion requiring more water then became the 
publicly presented justification to pursue this goal. As a result of these types of 
forecasts the conclusions reached often had little to do with the realistic needs 
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of the community. Those in control had confidence that any excess capacity 
would be absorbed by the actual growth that they were confident would 
happen. As restrictions on the easy development of water resources increased 
as described in Chapter I there began to be greater involvement by the public 
in the decision making process about water development. This led to a change 
in forecasting methods with more rigorous methodologies coming into play and 
more accurate estimates of values included in the forecast being made. 
Reasons for Forecastjng 
When the process of forecasting demands on water resources in a river 
basin and its smaller units includes input from the public, it can assist the 
area's population in making decisions about development and resource use 
objectives that they wish to achieve in their area. Some common objectives of 
the forecasting process as stated by Peterson (1984, p. 152) in w..a.t.ar 
Resources Planning and peyelopment are as follows: 
1. Utilize natural resources of the basin wisely to avoid future shortages. 
2. Determine priorities for development and investment. 
3. Avoid implementation of irreversible plans that might limit future 
freedom of choice in vital areas. 
4. Minimize (optimize) the cost of water resources development. 
5. Facilitate future integrated development of water and related land 
resources. 
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6. Identify a series of coordinated short-range solutions to problems and 
needs that can be implemented in a reasonable time frame. 
These objectives and their use by involved persons in guiding the forecasting 
process will encourage review of current practices and will help shape the 
future alternatives under consideration as the development of the local 
resource base continues. 
In some ways the process of preparing a water demand forecast can be 
of more benefit than the actual number which is generated by the equations. 
By objectively collecting data, determining the real uses for which water is 
needed, and articulating assumptions about the future, the persons involved 
become more aware of their world and have the opportunity to examine what 
their society can and does expect the future to hold. The objective of a forecast 
can be to examine either increasing or decreasing water development with 
equal validity. By altering the assumptions of what the future will hold a 
forecast may indicate a need for either greater water development or a need for 
a level of development lower than currently used. 
Water Qeyelopment Phjlosophjes 
When development of water resources is debated, Prasifka (1988) 
stated that there are two basic philosophies as related to the provision of water 
to a consumer by the delivering agent. The difference between the two at first 
may seem moderate but they have profound effects on public action. The first 
philosophy says that a water provider will deliver sufficient water to the 
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customer to meet whatever use the customer wishes and a shortfall is 
unacceptable. The second says that a water supplier will deliver a certain 
amount of water a certain percentage of the time and will cooperatively 
manage demand to meet supply when there is a shortfall. I will refer to these 
two ideas as the "deep well" and "modified demand" philosophies, 
respectively. The decision of which philosophy is to guide the assumptions of 
future conditions will have a significant effect on the final result of a forecast. In 
the past the deep well philosophy has characterized the water supply industry 
and has been the expectation of the public (Prasifka, 1988). 
There are several major differences in the water distribution systems 
governed by these two different philosophies. In the deep well philosophy a 
statement is being made that there is no circumstance in which a need for a 
reduced demand is acceptable. Any use no matter how unproductive must be 
supplied. The complete control and domination of nature by humankind and 
the existence of unlimited resources are assumed conditions of this idea. The 
modified demand philosophy acknowledges imperfect control of the physical 
world and accepts that people must be flexible in the way they do things. 
The costs of the deep well approach are higher since larger capture and 
distribution systems must be built with greater excess capacity for peak and 
future demands. This approach is also more restrictive in the level of 
population that it can serve from a given water supply. Large excesses of 
supply must be maintained in order to meet possible changes in use leading to 
greater demand by the populace being served or a shortfall in anticipated yield 
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of the water source, thus depriving others of its use. The need for greater per 
capita supplies of water results in higher per capita capital costs for diversion, 
distribution lines, and other needed equipment. A system following the deep 
well philosophy is forced to look farther and farther from the demand area for 
new supplies of water. This raises the cost of providing each additional unit of 
water. As this process continues, the cost of new water increases rapidly while 
the income generated by the use of the water remains the same. At some 
point the cost of providing the water supply service is greater than the sum of 
the income generated by its use. Each philosophy uses different pricing 
methods. As stated in Prasifka (1988), these are: (a) fixed charges, (b) uniform 
rate, (c) varying rates, (d) peak-load pricing, and (e) marginal-cost pricing. A 
description of these methods is given in Chapter V. 
According to Prasifka (1988 ) there are four basic issues in urban water 
supply: (a) water quality, (b) providing sufficient quantities, (c) ensuring 
reliability of supply, and (d) providing funding for capital costs. Capital costs 
are incurred in each of the first three areas. If the capital costs of a water 
distribution system can not be provided, detrimental results will occur in the 
other areas. A water system that has high expenses in capture, diversion, and 
delivery systems will often be less well received than a less expensive one. 
The high costs must be met, often through either higher general taxes or 
through higher water rates. Either of these two alternatives is likely to 
discourage economic development by raising the costs of doing business in 
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that area. Any water delivery system, whether for agriculture or municipal use, 
must receive income to enable it to meet its costs. 
The deep well approach addresses two of the basic issues in urban 
water supply: (a) provision of sufficient quantities to meet needs and (b) 
ensuring the reliability of supply. It fails to address the issue of water quality or 
the ubiquitous question of financing capital costs. By constantly searching for 
more water the deep well approach quickly consumes the available high 
quality water and is forced to accept lower quality supplies in its constant quest 
for quantity. This further increases costs by requiring greater amounts of 
treatment before the water is suitable for use. 
Water Quality 
The quantity of water and quality of water supplied to a user can not be 
separated. There are many uses for water which require a minimum quality of 
water. Any use of water alters its characteristics. Without care and concern for 
water quality a municipality may find itself like the man on a life raft in the 
ocean who dies of thirst although he is surrounded by water. 
The largest water user in the western U.S. is irrigated agriculture, which 
is also true in Cache Valley, Utah (DWR, 1992). According to Getches, 
MacDonnell, and Rice (1991) 90 % of consumptive use of water in the West is 
related to agriculture. Despite its large consumption of water there are 
significant return flows from irrigated farmlands to rivers and other water 
bodies. The return flows are frequently contaminated with large quantities of 
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agrichemicals carried from and natural elements leached from the irrigated 
soils. When these flows build up there can be disastrous consequences for 
wildlife, integrity of the water supply, and future usability of the soil (Getches et 
al., 1991 ; Gottlieb, 1988; Gottlieb & Fitzsimmons, 1991; Reisner, 1985; Worster, 
1986). Reduction of pollutant loads and maintaining quality in water should be 
a key concem for any water supplier both in supply and retum waters (Gottlieb 
& Fitzsimmons, 1991 ). 
Forecasting Constraints 
Over time a number of constraints on water development, such as 
declining water quality, have arisen. These constraints are both economic and 
physical. In each hydrologic system there are physical limits on how much 
development can occur without damaging the overall water yield of the system. 
For example, if there are dams holding water, then the increased surface area 
will increase the amount of evaporation loss. It is entirely possible to lose more 
water from increased evaporation than is saved by retaining it behind a dam. It 
is therefore critical that the development of individual projects be considered in 
a holistic contex1 for each hydrologic system. 
In response to these constraints the techniques used in forecasting 
evolved in complexity and increased in accuracy. The development of more 
sophisticated techniques allowing for variations in component values greatly 
increased the accuracy of forecasting (Prasifka, 1988). The definition and 
accuracy of values for the various components of a forecast play a great role in 
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how accurate the conclusions of the forecast will be. If all businesses are 
grouped into a single category of water users for the purposes of a forecast, 
then the average use per business may be greatly distorted by the presence of 
one business that requires huge volumes of water for its operations. In a 
survey undertaken for this thesis, water use by various businesses differed by a 
factor of 171 ,000 % between the high and low responses in per employee 
water use. This difference was between an office specializing in deliveries, 
which had a per employee use of 214 gallons per year, and an agricultural 
products company, which had a per employee use of 367,254 gallons per year. 
The results of the survey are given in Appendix A. A growth trend by one type 
of business over another can have a dramatic effect on the demand for water. 
By being able to more closely associate demand with smaller and more 
definitely defined sectors of the demand population, a forecast based on good 
information is possible. 
Forecasting oata Structure and Needs 
When constructing a water-use model there are two structures of data 
that are available. The first is time-series data. This is a series of observations 
of use over time at the same location. The second is cross-sectional data. This 
is simultaneous observations of water use at a number of locations in a single 
time period. In this thesis both types of data will be used. Time-series data will 
be used on the amount of water delivered by municipalities throughout the 
valley as well as looking at cross-sectional data of the municipalities to see 
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how they vary. Cross-sectional data will also be used from a survey of the 
largest employers to establish levels of use for various sectors of the economy. 
Various categories of information are needed for a forecast that will 
create an accurate description of future demands. According to Prasifka 
(1988) and Holtz and Sebastian (1978) these are (a) trends and rates of 
change in population, (b) demographic characteristics, and (c) housing 
characteristics . The water use described in the categories above is 
determined by many factors which may be roughly grouped into five 
categories : (a) demographic, (b) economic, (c) sociopolitical, (d) climatic, and 
(e) technological. Each of these categories is unique in how it affects volume 
and type of local water use. As an example, arid climates use approximately 
half of their summer water for outdoor purposes in residential areas (Prasifka, 
1988). Much of the exterior use is to maintain landscaping elements such as 
lawns and other plant material. According to Prasifka (1988) , while large 
variations of total water use for residential use exist because of landscaping 
demands during certain times of the year, the variations of interior use are 
much smaller. The variation of interior use seldom exceeds 10 %over the 
course of a year. 
Forecastjng Techniques 
Many different forecasting techniques are available. Each has different 
strengths and weaknesses as a result of how it operates and the information it 
requires. Some are very simple, such as straight line extrapolation, and can be 
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done with a pencil and paper. Others are very complex , like multiple 
regression , and require large amounts of data and a computer to efficiently do 
the hundreds of calculations required. Technique selection for this thesis was 
based on three considerations. First, methods selected would need to have an 
acceptable degree of accuracy. Second, it would need to be understandable 
to a person who did not have extensive experience in the field of forecasting . 
Third, it would need to be able to reflect the complex situations in Cache Valley 
with its diverse economy and water demands. 
In Current Trends in Water Supply Plann jng , Prasifka (1988) discussed 
the four general types of water forecasting techniques. The first is the judgment 
technique. This is where a statement is made that there will be a future of a 
certain level based on personal experience and judgment. It is nonreplicable 
and subject to wide variations from person to person. Its accuracy is low and 
insufficient for any significant development or planning effort. 
The second is the survey technique. To undertake this method a survey 
of various users, perhaps including major industries, is undertaken and the 
cumulative response forms the forecast. This is much like the judgment 
technique mentioned above as it often relies on qualitative judgments of rates 
of change and demand rather than uniform measures. 
The third technique is extrapolation. This process is based on actual 
numbers from the records of past demand. Using a mathematical formula this 
type of forecast is done by continuing the past trend into the future. The results 
of these types of forecasts are often shown as lines on graphs. This process 
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assumes that all of the past factors will continue to occur at their same 
frequency and influence for the time limit of the forecast. The probability of this 
happening exactly is quite low, making the accuracy of the forecast limited. 
This technique is best suited to smaller areas with little radical variation over 
time in the economic makeup of the community and population change. It can 
be comparatively simple to do and does not require large amounts of data. By 
generalizing the experience of a utility across time it can be useful for 
comparisons between similar user groups. 
The fourth technique is the analytical technique. In using this technique 
the forecaster locates those variables that, one, have the greatest impact on 
demand, and two, are the most susceptible to change. By doing this the 
forecaster works to create a representation of the forces which interact to create 
the demand for the product under investigation. There are many ways of 
doing this kind of forecast. Two of the most well known examples of this type of 
technique are multiple regression and a~ernative futures. 
In multiple regression a mathematical formula is assembled with a 
number of different variables. Each variable represents a single influence 
relevant to the subject of the forecast. The values of each of these individual 
variables change to represent a variation in demand. Each variable is given a 
weight which reflects the importance in determining demand for the subject 
item. 
Alternative futures is a technique in which possible changes in future 
conditions are intentionally examined. A set of future conditions, often a 
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continuation of current trends, is formulated as a baseline. Variations on the 
future conditions can be introduced, such as a change in the rate of expansion 
of the population, and the equations redone. This technique allows for the 
evaluation of a wide range of probable occurrences (Holtz & Sebastian, 1978; 
Prasifka, 1988). By knowing the most probable range of occurrences, a 
governing agency can plan for and develop a flexible system that will be able 
to respond to changing conditions with greater ease and lowered future costs. 
The alternative futures forecast also helps to reveal the assumptions that are 
often unstated in other types of projections or forecasts, but that significantly 
shape the results of those efforts as stated above. A future demand forecast 
that only investigates a continued growth trend at current rates because people 
want more growth will be much different from one that investigates objectively 
(Holtz & Sebastian, 1978; Prasifka, 1988). 
Many different things influence the selection of a forecasting technique. 
According to Holtz and Sebastian (1978) a complex, technique while more 
sophisticated, is not always more accurate than a simple process. 
Consideration must be given to what method will most accurately represent the 
situation for which a forecast is desired. Complex techniques frequently 
require higher amounts of data with great accuracy in the values used for 
individual variables. This requirement demands larger expenditures in data 
collection. In many cases records may not exist with the required information, 
thereby increasing the error even before the equations are used. When a 
survey of business water use was done for this thesis, 25 % of the respondents 
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did not know how much water their business used. In order to acquire this 
information it would be necessary to invest long periods of time and in some 
cases equipment. It is necessary to find a balance between complexity of the 
technique and its data requirements and what resources are available for the 
process (Prasifka, 1988). 
Techniques Chosen for This Thesis 
The consideration of complexity and data requirements in combination 
with the need for accuracy led to the selection of three different forecasting 
techniques. The reasons for this are (a) to provide a comparison of techniques 
with differing complexity, (b) to demonstrate the use of various options for 
forecasting , and (c) to show how different techniques yield different results. 
The techniques chosen for this thesis are, in order of lowest to highest 
complexity: (a) extrapolation , (b) single regression with population as the 
variable, and (c) alternative futures. 
As the baseline values for the alternative futures forecast, a projection of 
population and economic sector growth done by the State Office of Planning 
and Budget (SOPB) (1991) will be used. Other sources of data to be used are 
the reports of the Summit Creek Distribution System Commissioners, Logan 
River Distribution System, and Little Bear River Distribution System for 
description of irrigation water use. The United States Decennial Census of 
1990 will provide information on population trends in the past. 
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Characteristics of Forecasts 
Regardless of the type or method of forecast chosen, there are some 
universal characteristics which they share. As listed by Sullivan and 
Claycombe in Fundamentals of Forecasting (1977 ), these include : 
1. Forecasts are usually incorrect. 
2. Forecasts should consist of two numbers to indicate probable ranges 
of accuracy in the forecast. 
3. Forecasts are more accurate for groups of items or uses than for 
specifics. 
4. Forecasts are necessarily less accurate the farther into the future they 
go. 
5. Forecasts are not a substitute for the use of real information. 
It is important to remember these characteristics when evaluating the validity 
and usefulness of a forecast. In examining the first of these characteristic many 
would ask why efforts should be made to forecast if the forecast is usually 
wrong. This is also addressed by Sullivan and Claycombe (1977, p. 1 ). 
Forecasting involves the preparation of a statement concerning uncertain 
or unknown events. In most cases these events lie in the future. The 
main purpose of making forecasts is to gain knowledge about uncertain 
events that are important to our present decisions. 
Forecasts are usually inaccurate in that they do not exactly describe the true 
future demand. They do, however, provide a general idea of what the future is 
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likely to bring, thereby improving the ability of decision makers to anticipate the 
challenges with which they must deal. 
A truly well thought out and maintained forecast of events or needs 
which occur more than 0nce will not produce one number and then be 
terminated. In the case of this thesis because of the necessary termination of 
effort in order to achieve publication, the forecast will end after a single effort. If 
it were to be used by a city, annual updates to the information used as a basis 
for the forecast would occur and refinement of the relationships would 
periodically be done. These refinements improve the accuracy of the forecast. 
By examining the performance of a forecasting model over time it is possible to 
identify causal relationships and increase the forecasting ability of a person or 
organization. 
A causal relationship is one in which a change in one item causes a 
reaction in another. A common example is interest rates and home sales. If 
there is a rise in interest rates for mortgages, there is normally a decrease in 
sales of homes since they have become more expensive. It is possible to 
predict the future behavior of home buyers partly on the action of the interest 
rate. 
This is one of the reasons why Sullivan and Caycombe (1977) have said 
that most forecasts are inaccurate. Because factors which are not considered 
in the forecast affect in many ways the behavior or trend that the forecast seeks 
to predict, errors occur. An example applicable to this thesis is weather. It has 
been shown that there is a causal relationship between the weather and 
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exterior water use, usually for lawn maintenance. If the weather is wet, then 
water use will decrease. If the weather is dry, then water use will increase. 
Because it is not possible to accurately predict the weather patterns a 
significant distance into the future, an element of uncertainty enters the 
forecast. This may be partially alleviated by doing forecasts with variations of 
weather conditions. A probability measure may be done on each variation of 
the forecast to reflect the likelihood of its occurrence. An example of how this 
occurred may be seen in the difference between the 1982 and 1983 water 
years. In 1982 the Cache Valley, Utah watershed contributed only 138,100 
acre-feet to the flow of the Bear River. In 1983 the Cache Valley, Utah 
watershed contributed 2,594,000 acre-feet. Both are ex1remes in the last 20 
years. 
While forecasts can be a valuable resource in decision making, they 
should not be used as a substitute for empirical data when those data 
becomes available in the future. It is important to periodically check the 
accuracy and performance of a forecast. If consistent substantial errors are 
evident, then it is necessary to reconsider decisions based on the forecast and 
work to refine the forecast. This is especially true in the case of long-term 
forecasts since uncertainty increases the further into the future a forecast 
extends. Forecasts are seldom used to find ex1remes, but rather, what may 
normally be expected. A well done and accurate forecast, while seldom 
providing perfect information, does give sufficiently accurate information about 
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the future that with the forecast's utilization only minor adjustments need to be 
made. 
Case Study 
Cache Valley lJtah 
Bjorklund and McGreevy (1971) have given a physical description of 
Cache Valley. Cache Valley occupies areas of both Idaho and Utah. It 
straddles the state line in the northeast area of Utah (see Figure 1 ). It has a 
total area of about 660 square miles, of which 365 are in Utah. The valley is 
approximately 60 miles long and varies between 8 and 16 miles wide through 
the majority of its length. Various mountain ranges surround the valley, forming 
a drainage basin of approximately 1,840 square miles. The valley floor varies 
between 4,400 and 5,400 feet above sea level. Large bench lands at the 
mouth of many of the canyons entering the valley are evidence of ancient 
erosional processes. Terrain types represented are flat plains, terraces , and 
deltas left by Lake Bonneville , and alluvial fans. The surrounding mountains 
were largely caused by faulting and rise sharply at the edges of the valley. 
Elevations of two to four thousand feet above the valley floor are common with 
individual peaks rising still higher (see Figure 4). 
Cache Valley is a place of widely varied weather with significant changes 
in temperature on both a daily and seasonal basis. Precipitation ranges 
between 10 to 30 inches per year with the 30 year average being 18.16 inches 
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~- View looking east to Logan Canyon overlooking the Island (1884). 
(National Oceanic and Atmospheric Administration , 1980-1991 ). Most of the 
precipitation occurs in the form of snowfall which accumulates in the 
surrounding mountains from October to March. OcC?sional late snowfalls at 
high elevations have been seen by the author as late as the middle of June. 
Runoff from the snowpack produces the majority of surface water in the valley 
with runoff reaching its peak during May or June (Bjorklund & McGreevy, 
1971 ). The average growing season is 165 days long (Cache Economic 
Development (CEO), 1992). The political boundaries of Cache County, Utah 
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generally follow the watershed boundaries flowing into the valley. For this 
reason Cache County and Cache Valley, Utah will be used interchangeably. 
pemographjc Characteristics 
According to the 1990 United States Census, Cache County had a 
population of 70,183 and Logan City 32,762. These figures do not include 
many of the students at Utah State University, which had an enrollment of 
13,719 students with approximately 11 ,000 attending at the campus. These 
numbers indicate an increase of 22.75% in nonstudent population over the 
1980 Census. This high rate of growth is actually slowed from the 1970-1980 
rate of 35%. The census estimates for future growth are in line with the trend of 
the past 20 years with a population estimate of 101,708 in 2010 (CED,1992). 
Economic Characteristics 
The primary industries in Cache County are (a) education, (b) agriculture 
and agricultural products processing, and (c) manufacturing. Cache Valley 
was originally occupied by settlers as a ranching and summer pasture area for 
the livestock from the Salt Lake Valley. This agricultural beginning has grown 
into a major economic sector with three major cheese plants and two major 
meat packing operations along with other smaller scale operations. 
The 1888 establishment of Utah Agricultural College as a landgrant 
institution in Logan has been a significant formative influence on Cache 
Valley's economy. The influx of students, especially in the past few years, has 
stimulated the housing construction and service industries. Now known as 
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Utah State University, the University in its research capacity has also 
contributed substantially to the economic development of Cache Valley. Many 
businesses have been formed as spinoffs or technology transfer from University-
sponsored research . As a result Cache Valley has a technological 
manufacturing and research industry far larger than its size would indicate 
(CEO, personal communication, October 6, 1992). The relationship between 
the various economic sectors of agriculture ; manufacturing ; transportation, 
communication. and public utilities; trade; finance, insurance and real estate; 
government (all levels); contract construction ; and services in Cache Valley, 
Utah are shown in Figure 5. 
Water Resources of Cache Valley Utah 
The drainage basin of the entire Cache Valley, both Utah and Idaho, is 
approximately 1 ,840 square miles in area and is included in the larger 
drainage basin supporting the Bear River. As a result of the passage of the 
Bear River through the valley from its origins in the Uintah Mountains, a 
significant portion of the total water passing through Cache Valley originates 
externally to the immediate watershed. Due to the circumstances of its 
location and geologic structure Cache Valley has a relative abundance of 
available water compared to surrounding areas. Cache Valley adds on 
average 834,160 acre-feet annually to the Bear River. A study of groundwater 
done in 1971 by Bjorklund and McGreevy for the United States Geological 
Survey (USGS) estimated a total of 40 million acre-feet of groundwater was 
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Figure 5 . Percentage employed in Cache Valley, Utah by sectors, 1990. 
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contained in the aquifer of both the Utah and Idaho portions of the valley. 
They also stated, however, that much of this would not be easily recoverable 
due to various complicating factors. In a water budget contained in the same 
study they stated that approximately 1,700,000 acre-feet of water passed 
through the valley per year as streamflow, precipitation and evaporation , 
imports, consumptive use, and change in groundwater storage. 
Groundwater. The recent 1988-1992 drought has placed an additional 
burden on the groundwater supply. A drop in the level of the groundwater in 
Cache County has been measured by the USGS between March 1987 and 
March 1992 with decreases of up to 12 feet in the more populous parts of the 
valley. Groundwater withdrawals in 1991 were approximately 29,000 acre-feet 
(DWR, 1992). An acre foot of water is the quantity of water necessary to cover 
43,560 square feet of land one foot deep. This would be equivalent to 325,851 
gallons. 
Several significant aquifers underlie the valley floor. According to DWR 
(1992) there are two major sources of recharge to the aquifers. Various forms 
of precipitation and infiltration from the streams crossing the valley and the 
bench lands along the edges of the valley contribute 47% and infiltration from 
irrigation systems contributes 42%. The benches, which are cut through by the 
streams, are composed mostly of gravel deposits and provide significant 
recharge zones. As documented in DWR (1992) groundwater is utilized 
almost exclusively by municipal water suppliers in the valley and by many 
businesses and individual domestic wells. According to an annual report on 
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groundwater the average groundwater withdrawal from wells between 
1981-1990 was approximately 27,000 acre-feet per year (Hanson , 1992). 
There is significant interaction between the aquifer and surface waters with 
each supplying the other under different conditions of flow and in different 
locations in the valley (see Figures 6 and 7). 
As the economic structure of Cache Valley changes and more people 
move in, a number of changes affecting the ground - surface water interaction 
come into play. As farmland becomes subdivisions and other urban 
developments, there is less crop irrigation and much of the ground surface is 
covered with impermeable surfaces. This reduces the amount of water which 
is able to enter the aquifer and recharge it. At the same time the year-round 
demand for water for housing and people creates a greater demand for 
groundwater use. Use goes up and recharge goes down. In 1971 Bjorklund 
and McGreevy (1971) estimated a recharge to the various aquifers of 100,000 
acre-feet from the transmission loss and application of irrigation water. In DWR 
(1992) an estimate of approximately 72,000 acre-feet of recharge from 
irrigation was given. This is a substantial decrease in 20 years. Reduction in 
recharge is often associated with problems with streamflow levels, the drawing 
of pollutants into the aquifer, and loss of wetlands for sporting and wildlife uses. 
The complex interrelationships between surface and groundwaters make it 
very difficult to know exactly how any specific area will react to these problems. 
It is important to know how groundwater interacts with surface water and land 
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use practices. Currently the USGS is conducting a study to determine the 
relationship of ground and surface water to each other. 
One of the most common problems with groundwater use is pumping 
from one well interfering with another well. Cache Valley, Utah has over 2,400 
wells currently in use (DWR, 1992). Since each well has a cone-shaped 
drawdown zone, if they are too close together for the characteristics of the 
aquifer, they will each reduce the yield of the other (see Figure 8). The larger 
a well is the greater zone of influence it has. This becomes critical if there is a 
problem with groundwater contamination. A well will create a draw towards 
itself that can change the direction and area of a contamination zone. As the 
well draws water from the ground it creates a pull toward itself in the same way 
as a straw in a glass. If the groundwater in an area has been contaminated, 
this draw will cause it to move towards the pumping well, thereby spreading the 
contamination over a greater area. 
One of the important aspects of groundwater is the chemical content. 
The presence of dissolved solids or elements can significantly influence the 
suitable uses for the water. The groundwater in Cache Valley, Utah in most 
locations is classified as hard or very hard. This normally will not prevent its 
USE! for domestic, agricultural, or most industrial use, but may cause problems 
with scale buildup in pipes. Salinity, the salt content, of water is also an issue. 
If the salt content is too high, it may cause damage to crops. Standards are set 
for acceptable limits of various elements such as iron, nitrates, chloride, and 
fluoride, and various man-made chemicals. The presence of dissolved solids 
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or chemicals in water can have a substantial impact on its appearance and 
taste . The area of Cache Valley with the hardest water is the southern end of 
the valley in the Hyrum area (Bjorklund & McGreevy, 1971 ). Water drawn from 
wells in that area is safe for consumption, but has a yellowish color and a 
detectable odor, which make it distasteful for many people to drink. 
Results of Water Use 
The issue of chemical content of water becomes more pressing the more 
times water is used. In most water systems water is used more than once. In 
the Bear River Basin water is repeatedly used as return flows from irrigation 
contribute to downstream water levels. Any use of water, whether as irrigation, 
recreation, or in manufacturing processes, changes the water's characteristics 
by adding or subtracting chemicals, changing its temperature, or altering its 
location in a drainage area. As the temperature of water increases, its ability 
to absorb oxygen is decreased. This makes it harder for fish and other water 
life to survive and reduces the ability of a stream to absorb pollutants. As the 
purity decreases, the uses for which the water is suitable are more restricted. 
Return flows from irrigation are often unsuitable for drinking because of the 
high content of agricultural chemicals or organic wastes. When these flows 
mingle with other stream flows, overall water quality declines. A critical issue in 
water management is how to allow utilization of the water resource without 
degrading it to an unusable state. In Thjrst for Growth, Gottlieb and 
Fitzsimmons (1991) described the problems experienced by several southern 
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California areas as they discovered severe contamination of groundwater 
resources. This area largely ignored the problem by increasing their reliance 
on water imported from other areas of the state and country. Cache Valley 
does not have this option. Most of the water supplies external to the valley 
have already been taken or are being considered for development. It is critical 
in developing land management and water supply management strategies for 
Cache Valley, Utah that protecting this vital and irreplaceable resource be 
included as a component of the decision making. Getches at al. (1991) 
described how in Salt Lake County, Utah problems similar to those in 
California have arisen. Excessive groundwater withdrawals have caused 
saltwater intrusion into the aquifer, encouraged chemical migration through 
the ground from one area to another, and endangered the source of drinking 
water for 40 % of the population. Threat to groundwater is especially critical in 
Cache Valley, Utah as all municipalities and many private wells use 
groundwater as their primary source of culinary water. 
Changing Water Qemand 
The surface water flows of the region are irregular. Most of the year's 
water in Cache Valley falls during the winter and builds up as snowpack in the 
surrounding mountains. In the spring the snowpack melts and stream flows 
reach their peak in either late April or May. The greatest demand for water is 
during the summer for crop irrigation. This disparity between supply and 
53 
demand schedules creates a need for significant withdrawals from streams into 
distribution systems. 
There are varying demands for water depending on the time of year and 
purpose for which it is needed. One of the most common figures quoted for 
water use is that of gallons per person per day. This is a very confusing 
measure many times since it includes all of the different uses of water and 
allocates them to individuals. This process may mask the fact that one sector of 
the economy such as manufacturing may be using a huge volume of water 
while residential use may be quite small. In a document produced by the 
State Water Engineers Office (SWEO) (1976) to be used in adjudicating the 
water rights in the Bear River Drainage, several values were determined as 
being satisfactory for the purpose of water planning. Domestic daily use has 
been estimated by SWEO as 650 gallons per day for a family of four. 
As the population of Cache Valley, Utah has grown, the demand for 
water has changed. Less land has been devoted to agriculture and more to 
housing and industry. The demand characteristics for each of these uses are 
significantly different from the others in both volume and timing. Between 
1970 and 1990 the population of Cache Valley grew by 40 % (U.S. Bureau of 
the Census,1991 ). According to the SOPB (1992) there will be a further 
increase of over 30 % by the year 2020. Each of these people will require 
water for personal and economic use. At the same time that Cache Valley is 
experiencing rapid growth, outside interests want to export the water that 
originates here for their own use. Several dam projects have been proposed 
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for the area and authorizing legislation has been passed establishing funding 
for construction of these projects (Utah Code Unannotated 73-26-101, 1992). 
Limitations have been placed on what quantity of water from future surface 
water development is available for Cache Valley, Utah use. It is important to 
consider the future water needs of Cache Valley, Utah to prevent the potential 
loss of resources needed for Cache Valley, Utah to outside demands. 
CHAPTER Ill 
FORECASTING METHODOLOGY 
Linear Regression 
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A linear regression equation has the general form of y=a + bx where y is 
the forecast value, b is the slope of the line, a is the Y axis intercept, and x is 
the value along the X axis (Makridakis & Wheelwright, 1978; Sullivan & 
Claycombe, 1977; Thomopoulos, 1980). In this equation the X value is called 
the independent variable and is the base value for a forecast. The Y value is 
called the dependent variable and is determined by the value of X. The 
assumption behind this equation is that there is a repeatable relationship 
between the values of X and Y and that a change of a certain amount in the 
value of X will yield a predictable change in Y. X and Y represent the entire 
possible set of values while x and y represent specific values. 
In reality a true description of a linear regression equation is Y= a + bx + 
ex where ex is the error term which describes the difference between the true 
value and the forecast value for a specific x value. It is necessary to consider 
the error term since it is rarely the case where a perfect fit is achieved between 
the data and the descriptive equation. According to Sullivan and Claycombe 
(1977) there are four conditions that the error term in a regression equation 
must meet for the equation to be statistically valid. First, in a reliable linear 
equation the average value of the errors between the mathematical line and 
the data points should be equal to or very close to zero. Second, the error 
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values must be random. Third, the error values must be normally distributed 
about the line. Fourth, the variance in the error term must be constant. 
Regression Equations 
There are 9 equations which are required to complete a linear regression 
analysis. These equations and the explanation of the variables has been taken 
from Sullivan and Claycombe (1977) and are reprinted here by permission. 
L.x;ya; -·x:r.ya; 
b= 
a= ya- b~ 
s (y) = 
y + (ta/2,ri-2) S(y) = upper confidence limit 
y - (laJ2,n-2) S(y) = lower confidence limit 
r = 
F' = 
L. ( Yai - y; ) 2 
- 2 L ( yai- ya) 
b ( L.x;yai - n-; • y ) 
[
L. ( yai - y;) 2l 
n-2 J 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
I 
t = 
I 
a -a 
[:E ( yai - y; ) ~ 
[n ( n -2 ) J 
n 
:E 
d = I= 2 
(At - At- 1) 
n ( At} 2 :E 
t = 1 
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(8) 
2 
(9) 
.tiQte.. Equations listed above are from William G. Sullivan I W. Wayne 
Claycombe, FUNDAMENTALS OF FORECASTING, ©1977, pp. 28, 61, 65, 66, 
71, 250, 251, 262, 266. Reprinted by permission of Prentice-Hall, Englewood 
Cliffs, New Jersey (see Appendix B.) 
The terms in these equations need to be defined. The symbol and its 
meaning are as follows : 
1. x; is the value of the independent variable x, population , at a particular 
data point. 
2. Yai is the value of the dependent variable y, water use, at an individual 
data point corresponding to a value of x. 
3. b is the value which represents the slope of the regression line. 
In equation 2, a is the Y intercept with Ya superbar and x superbar being the 
averages of the dependent and independent variables for the number of data 
points. In equation 8, a represents the Y intercept and a' represents another 
value for which the 1 test is being performed. S ( y ) in equation 3 represents 
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the standard deviation of a single estimated value . xo is a value of the 
independent variable and is within the range of observed x values. The term 
(ta/2, n-2) in equations 4 and 5 is known as the 1 statistic and values for it are 
found in a table of the 1 statistic, which may be found in a statistics reference or 
many forecasting texts. The correlation coefficient is represented by r. In 
equation 9, R represents the residual or error between the forecast values of Yai 
and the actual value. 
The purposes of the above equations are (a) equation 1, to find the 
slope of the regression line; and (b) equation 2, to find the Y intercept. 
Equation 3 is used to find the degree of deviation around the regression line by 
finding the value of the deviation for a single forecasted point. This value is 
then incorporated into the fourth and fifth equations, which yield an estimate of 
the confidence interval. A confidence interval is a statement of the probability 
that the true value of a demand in a forecast time period will fall between a 
certain range of y values for a certain value of x. Equations 4 and 5 require that 
the forecaster select a value for alpha (a) before beginning the equation. The 
a value determines the confidence interval of 100 (1- a) %. An alpha value of 
5 will give a confidence interval of 95 %. The value derived from formula 6 is 
the correlation coefficient. This is a statement of the strength of the relationship 
between the independent and dependent variable. If the value of r is close to a 
value of one, then there is a strong relationship. If the value of r is close to 
zero, then there is a poor relationship between the independent and 
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dependent variables. Another important descriptor of the regression equation 
may be achieved with equation 6; this is the r2 value or coefficient of 
determination. This is an indicator of how well the regression line explains the 
error between the mean value of Y and the forecast value. The closer that r2 is 
to one the better the equation represents the pattern of historical data. Equation 
7 is theE test. By performing this test a measure of the statistical confidence 
about the strength of the relationship between the variables is obtained. 
Equation 8 is the 1 test, which is used to determine whether any of the values 
for a and b in y = a + bx is equal to zero. If one of these does equal zero, then 
the utility of the linear regression equation is questionable. Equation 9 is the 
Durbin - Watson test. The last equation will be discussed in detail later. 
Although 9 equations are presented, only the first two are actually 
needed to provide a description of a line which could be used for forecasting. 
The other 7 equations while not strictly necessary to produce a forecast, are of 
importance. Their purpose is to provide a means for analyzing the statistical 
accuracy and relevance of the forecast. Equations 1 and 2 can produce a line 
from almost any set of unrelated points, but the result would be of no use. The 
purpose of linear regression is to examine the strength of a relationship 
between two variables. If there is no relationship, then there is no point to the 
exercise. For this reason it is necessary to utilize the other equations. Each of 
the other equations provides an important description of the accuracy of the 
forecast in a specific area. An illustration of this follows in the description of the 
use of equation 9. 
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When using time-series data with linear regression it is possible that 
there will be problems which can limit the reliability of the forecast. In an 
accurate linear regression forecast the error between the forecast value for a 
specific time period and what is later measured as the true value will be 
random. When using time-series data, serial correlation can occur. In serial 
correlation the errors are not truly random, but are significantly influenced by 
the error of the previous time period. When this occurs there can be significant 
change in the accuracy of the forecast, which will not be immediately evident 
upon examination of either the numbers forecast or the linear representation of 
the equation. In order to check for this problem it is necessary to employ the 
Durbin-Watson test. This test evaluates whether there is a serial correlation in 
the data, whether there is not serial correlation in the data, or whether the 
situation is ambiguous (see Figures 9 and 1 0). 
To employ the Durbin-Watson test the summed difference between the 
forecasted demand and the actual demand, represented by R in equation 9, in 
time x1 and x1•1 is divided by the summation of Rt squared. This produces a 
value which is then compared against the dL and du values in a table of the 
Durbin-Watson statistic. Five value ranges are derived from these two values. 
By comparing the value. computed by equation 9 against these five value 
ranges it is possible to determine whether there is serial correlation, is not 
serial correlation, or if there is ambiguity. For a more complete description of 
the Durbin-Watson test see Makridakis and Wheelwright (1978, pp. 592-594). 
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0 Regression Line • Error 
Eigum_9_. Regression error without serial correlation. 
0 Regression Line • Error 
Agure 10. Regression error with serial correlation. 
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If by employing the Durbin-Watson test serial correlation is discovered, 
then simple regression is not an appropriate forecasting technique for that 
particular data set because the criterion for random error is not met. There is, 
however, a method by which simple regression can be used by manipulating 
the values of the variables contained in that data set. This is the method of first 
differences as described by Wonnacott and Wonnacott (1970) . To employ this 
method the values of the variables are manipulated to obtain the absolute 
change between time periods of both variables. For example, if our data set for 
X were (x,=3, X2=6, X3=?, x4=9, x5=5), the new data set representing change 
would be created by the equation x2 - x1 = dx 1 and would produce a data set of 
(dx1=3 , dx2=1, dx3=2, dx4= -4). By doing this manipulation it is generally 
possible to remove the problem with influence from previous values and obtain 
a true random error. If a second check for serial correlation is negative, then 
regression is performed with the new data values which will be valid and free 
from serial correlation error. 
Alternative futures is a compound method of forecasting. Two sets of 
decisions must be made. First, what method of forecasting will be used. 
Second, what variations will be introduced into the equation values. By 
varying the set of assumptions that are used to create the values for the 
forecasting equation to use it is possible to examine a number of different 
possibilities for the future. In doing alternative futures for this thesis, linear 
regression will be used as the forecasting method. The assumptions to be 
changed and baseline values will be stated in Chapter IV. 
CHAPTER IV 
RESULTS AND DISCUSSION 
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In this chapter the results of the calculations resulting from the application 
of the equations in Chapter Ill to data sets representing the residential water 
demand are presented. A description of the results from each equation is 
given and its importance stated. Anticipated developments and the impacts of 
water demand changes for the agricultural, industrial, and residential water 
demand components are discussed. A discussion of the results from the 
extrapolation method of forecasting concludes the chapter. 
Results 
Qata Sets 
Four different variations on projected population growth were used for 
the residential and industrial water demand portions of the forecasts. These 
variations were based on estimates taken from SOPB (1992) for population 
and economic sector change for the years 1995, 2000, 2005, and 2010. 
Variations of 5 % greater, 1 0 % greater, 5 % lower, and 10 % lower were used. 
These variations were used for each of the forecasting methods (extrapolation, 
linear regression, and alternative futures) employed for this thesis . 
Three different scenarios of residential water demand were undertaken 
for the residential water demand portion of the forecasts. The composition of 
these three differed in the inclusion of water-use and population data from 
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different cities. Scenario 1 solely contained data for Logan City. Scenario 2 
included the data for Logan City and information from specific years for the 
cities of North Logan, Wellsville, River Heights, Hyrum, Smithfield, Cornish, 
Newton, Mendon, Millville, Hyde Park, and Richmond. Scenario 3 contained 
information for all of the cities except Logan. See Appendix C for the 
information contained in the data set for each scenario. 
All residential water use information for these scenarios was taken from 
reports collected and compiled by the state Division of Water Rights. The 
values for per capita water demand in the different data sets varied 
substantially. Although Scenario 3 incorporated only water demand figures 
classified to be residential use, its per capita water demand was three times 
that of Scenario 1, which had only Logan information and was a lump sum of 
all use classifications. 
Separate calculations were done for the residential and industrial water 
demand portions of the forecast. These examined water use differences in 
these two areas of demand, which are often combined when considering water 
use. The data set for the agricultural water demand portion of the forecasts 
contained water demand values for irrigation, livestock watering, and on-farm 
use. 
Regression 
The regression methodology discussed in Chapter Ill was utilized on the 
residential portion of the three components of water demand described above: 
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(a) residential , (b) industrial , and (c) agricultural. The results produced differed 
by 185 % in the overall forecasted water demand. See Appendix D for the 
complete results. 
Correlatjon and Confjdence Values 
Significant differences were evident in the results produced by the linear 
regression equations when applied to the three scenarios in the residential 
water demand data set. The results of the linear equations showed a 
reasonable fit to the existing data. Coefficient of correlation and coefficient of 
determination values were determined of r = .37 and r2 = .14 for Scenario 1, 
r = .96 and r2 = .92 for Scenario 2, and r = .83 and r2 = .69 for Scenario 3 of 
the residential data set. These values indicate that the strongest correlation 
between the forecast demand values and the historical demand values was in 
Scenario 2, which considered both Logan and other cities throughout the 
valley, and Scenario 3, which did not include Logan. The lowest correlation 
was in Scenario 1, which considered only Logan. This result indicates that 
when considering residential water demand in the future it is better to use 
values from a wider range of sources as the basis of the forecast. The r2 value 
is an indication of how much of the error in the regression process was 
explained. The r term is an indication of the direction of the relationship, 
whether one variable increases or decreases in relation to change in the other. 
Figures 9, 10, and 11 show the regression lines plotted against the data sets 
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utilized for the residential water demand scenarios. See Figures 11, 12, and 
13 for a graph of the regression line and data values for each scenario. 
In figures 10 and 12 negative values are given for water use. This would 
seem to be an impossibility but it is not. It must be remembered that serial 
correlation existed in Scenarios 1 and 3 and that the graphs are of the first 
differences as described in Chapter Ill. Because the first differences are the 
absolute change between time periods it is possible to have a negative water 
use value. It may be noted that the highest correlation values cited above also 
match visually with the regression lines and the data values. 
The confidence interval equations described in Chapter Ill were used 
with an alpha value of .05. These equations used in conjunction with equation 
3 yielded a 95 % level of confidence that the actual water demand levels for a 
particular year will fall within plus or minus 26 % of the forecast value. While 
this may seem to be a wide fluctuation, it must be remembered that the 
weather, a variable not considered in the forecast, plays a significant role in 
determining residential water demand by influencing water demand for 
landscaping purposes. Segregation of all external water uses from internal 
uses for residential purposes would likely reduce the fluctuation in the forecast. 
Data collection· mechanisms now in use in Cache Valley, Utah as presently 
configured are incapable of such segregation. 
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Figure 12. Regression line and data values for Scenario 2. 
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Rgure 13. Regression line and data values for Scenario 3. 
F test and t Test 
Use of the E test on the results of the residential water demand linear 
regression equations showed a significant statistical relationship between the 
change in population and the water demand in Cache Valley, Utah for all three 
scenarios. The 1 test indicated that the true intercept for the equation of the line 
produced by equations 1 and 2 in Chapter Ill was 0. This was not unexpected 
since a population of 0 persons would also remove the demand for residential 
water. 
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Durbin-Watson Test 
Use of the Durbin-Watson test to evaluate the residential water demand 
scenarios for serial correlation indicated the existence of serial correlation in 
Residential Scenarios 1 and 3. Serial correlation did not exist in Residential 
water demand Scenario 2. It is hypothesized that the difference in serial 
correlation between Scenarios 1 and 3 and its absence in Scenario 2 was due 
to the fact that Scenario 2 had the widest range of data. Inclusion of data from 
many different cities with occasional omissions in data for a given year had a 
greater amount of random error. Randomness of error is one of the necessary 
criteria which a linear regression equation must meet in order to be statistically 
valid (Sullivan & Claycombe, 1977). To overcome the problem of serial 
corre lation in Residential Scenarios 1 and 3 the method of first differences as 
described in Chapter Il l was utilized. A Durbin-Watson test performed on the 
resulting values indicated no serial correlation in residential water demand 
Scenario 1 and the regression process was then performed. In residential 
water demand Scenario 3 the Durbin-Watson test was ambiguous, not 
showing either the presence or absence of serial correlation. 
Discussion 
Agriculture 
Agriculture is the greatest water user and an important contributor to the 
economic strength and character of Cache Valley, Utah. Cache Valley was 
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originally settled as an agricultural outpost of Salt Lake City, Utah and the 
water development pattern has been significantly influenced thereby. The 
largest single water use in Cache Valley, Utah is irrigation, which withdraws an 
annual average of 377,100 acre-feet from surface water sources according to 
DWR (1992) . This is an average of slightly over three acre-feet of water 
applied to each irrigated acre. While there are areas of Cache Valley that are 
not irrigated, they are currently unable to produce sufficient financial benefits 
from irrigation to justify the expense of installing irrigation systems (DWR, 
1992). As the population of Cache Valley, Utah increases, agricultural lands 
will be taken out of production and used for urban purposes. This land 
withdrawal will free water from irrigation use which may be reallocated. 
According to the State Water Plan published by the DWR (1992) there are a 
number of areas in the valley currently irrigated which have a shortfall of 
irrigation water in the later part of the growing season. Therefore it is likely that 
the water would be reallocated from lands taken by urban expansion to other 
agricultural purposes within the valley and the overall water use by agriculture 
will remain relatively constant. Some options for reducing the quantity of water 
utilized by agriculture do exist, but the amount which would be affected is 
impossible to tell at this time. This is discussed further in Chapter V. A total 
water demand for agricultural use of 378,060 acre-feet was derived for this 
thesis. As a water user, agriculture is by far the greatest diverter and consumer 
of water resources in Cache Valley, Utah. It also produces a substantial 
economic inflow to Cache County and its inhabitants. 
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Industrial development has been actively encouraged in Cache Valley, 
Utah by the Cache Economic Development Office with an emphasis on 
electronics and agricultural products processing. The proportion of jobs 
represented by each economic sector and its forecast change can be seen in 
Figure 14. As shown, services, trade, and manufacturing are anticipated to be 
those with the greatest increase. Many of the jobs in these three sectors are 
export jobs. This means that they bring income to Cache County by producing 
or providing a greater quantity of something than is consumed locally. The 
difference is marketed to external populations. Logan is a regional trade 
center with a service radius reaching into Idaho on the north and Rich and Box 
Elder counties to the east and west. As such it has a greater number of jobs in 
the trade sector than would otherwise be the case. The mining sector is not 
shown as there are currently no jobs in the valley in this sector and none are 
anticipated. The forecast demand for industrial water is shown in Table 2. 
Residential 
The population of Cache Valley, Utah is expected to increase by 34 % by 201 0 
(U.S. Bureau of the Census, 1991 ). There was a significant difference in per 
capita water use in the three residential water demand scenarios used for this 
thesis. As the per capita water use was the basis of the regression equations, 
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Table 2 
lndqstdal Water pemand Totals jn Acre-feet 
Nonnal 
5%High 
10%High 
5%Low 
100k Low 
1995 
12,188 
12,797 
13,406 
11,578 
10,969 
2000 
12,768 
13,406 
14,044 
12,129 
11,491 
2005 
13,314 
13,980 
14,645 
12,648 
11,983 
2010 
14,043 
14,745 
15,447 
13,341 
12,639 
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this played a major role in the variation in result from the different scenarios. A 
number of explanations could account for the variation. When Logan was 
excluded, the per capita use rose dramatically. This could be a result of larger 
exterior areas, such as lawns, being watered by culinary systems; culinary 
water being used for other purposes, such as cleaning of milking barns; or 
watering of livestock. It could also be a result of less efficient delivery systems, 
which lose significant quantities of water before it is delivered. Leakage can 
account for large portions of the water withdrawn for municipal purposes. The 
appearance of high rates of use by individuals would then be inaccurate. In the 
Division of Water Rights Utah Water Use Data ·report, one water provider 
reported a loss rate of 75 %. 
As stated above Scenarios 2 and 3, which considered larger ranges of 
demand relationships in Cache Valley, Utah, had the best correlation between 
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historic water demand and forecast water demand. Scenario 2 for residential 
water demand had the best correlation between historic and forecasted use 
and is therefore the variant that is most likely to reflect the true future 
residential water demand in Cache Valley, Utah. 
Extrapolation 
The extrapolation equation of Agricultural Demand + Industrial Demand 
+ Residential Scenario Demand yielded the following results shown in Table 3. 
The results of the extrapolation equations were uniformly lower than the water 
demand values from the standard population variant from the residential water 
demand scenarios when used in the linear regression equations. A difference 
of 4,000 - 17,000 acre-feet was observed, depending on which scenario was 
examined. This shows that the selection of forecasting method may have a 
substantial effect on the result of the forecasting effort. The extrapolation 
process only considers a single most current value or mean value for water 
demand rather than examining the trend over time and in many different cases. 
This limits its ability to reflect probable future use. The closest fit between the 
two different methods came when Scenario 2 was used. 
Summary 
The regression equations when applied to the residential water demand 
data sets indicated that Scenario 2, which was composed of information from 
cities across the valley was most likely to be the best predictor of future use. 
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Agriculture is the largest water user in Cache Valley, Utah followed by 
residential use and then industrial. A future water demand of 432,799 acre-
feet per year by the year 2010 is anticipated from the forecast pertormed using 
residential water demand Scenario 2 on the normal population forecast. 
Table 3 
Extrapolation Besutts by Year and Besjdentjal Water Demand Scenario 
Scenario 1 
Scenario 2 
ScenarioS 
1995 
414,782 
417,399 
422,464 
2000 
416,213 
418,921 
424,161 
2005 
418,231 
421,097 
426,641 
2010 
424,801 
428,290 
435,040 
CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
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One of the stated purposes of this thesis is to evaluate the needs of 
Cache Valley, Utah for water and compare those needs to the restriction of 
60,000 acre-feet placed on water claims in the Bear River Development Act, 
Utah Code Unannotated 73-26-101 (1992). After performing the forecasting 
portion of this thesis and comparing the results to the 60,000 acre-feet 
mentioned above, it appears that there will be sufficient water to meet demand 
for Cache Valley, Utah's water demand for the next 20 years. Results of the 
forecasts performed are contained in Appendix D. If current expansion rates 
continue, it is estimated that the 60,000 acre-feet mentioned above will have 
been fully allocated for residential and industrial use by the year 2031 . This 
assumes that sufficient storage has been constructed to allow the storage and 
distribution of all 60,000 acre-feet. 
It has been established in this thesis that agriculture diverts the vast 
majority of water used in Cache Valley, Utah. The residential sector is second 
in use and industrial falls third. As the anticipated rapid population and 
industrial growth in Cache Valley, Utah continues, these sectors will require 
greater quantities of water, but will not displace agriculture as the dominant 
water use. The relationship of these three sectors is shown in Table 4. 
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Table 4 
Comparison of Water Demand by Demand Component jn Acre-feet jn 2010 
Agriculture Residential Industrial 
378,060 40,696 14,043 
Continued growth in residential and industrial demand assumes that 
there is sufficient development by Cache Valley, Utah entities of the Bear River, 
its tributaries, and related groundwater resources. The development of 
surfacewater would be a large undertaking. The State Water Plan for the Bear 
River Basin (DWR, 1992) has examined five potential development sites for 
water storage facilities. Each of these sites would require significant 
expenditures of capital resources, time, and legal effort in order to complete 
development. Increased development of facilities on surface water resources, 
such as dams, is not the only option for raising the level of population 
supportable with current water supplies in the valley. 
When considering the utilization of the water resource a number of 
issues must be addressed. The first is to consider whether the existing and 
historical paradigm of water use is to be followed. 
This paradigm encourages constant expansion of water demand 
founded on the belief that somehow a sufficient water supply will exist for 
development. The clearest case of this is in Southern California where one 
small area draws water from seven different states. In some cases this 
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unquenchable thirst has devastated the areas supplying the water as local 
communities have disappeared through lack of water, as happened in the 
Owens Valley in the 1920s. This paradigm is irrational and unsustainable over 
long periods. A new concept of water use needs to be considered and 
discussed rather than one founded on a vain attempt to quench an insatiable 
thirst created by unwise and wasteful use. 
Cache Valley 
In Cache Valley, Utah a situation similar to the Owens Valley - Los 
Angeles confrontation is being faced with the Wasatch Front desiring to export 
as much water as possible and leave Cache Valley with little of its most 
precious resource. If this is permitted to occur, it will have important impacts on 
the quality of life in Cache Valley and its future. Without a sufficient supply of 
water many of the streams which provide blue ribbon fisheries will be 
dewatered, wetlands with their varied and valuable wildlife populations will be 
lost significantly impacting on the recreational opportunities available in the 
valley, and the character of the valley, which is in many ways shaped by how 
water interacts, will be forever altered. 
Recommendations 
Many alternatives to the difficulties related to further development of 
surface water resources exist. Some of these alternatives are (a) conservation 
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of existing developed resources, (b) greater utilization of groundwater, (c) 
changes in allocation, and (d) conjunctive use. 
Conservation Optjons 
Conservation of the water resource does not necessarily require low-flow 
faucets and stone lawns. Conservation is defined by Webster's Ninth New 
Collegiate Dictionary as "1 : planned management of a natural resource to 
prevent exploitation, destruction, or neglect" (p. 279). By this definition, 
reduction of use through prevention of system leakage, exchanges of water 
between one use and another to improve efficiency, and other actions from a 
wide variety of management practices may all be considered as conservation. 
A conservation mentality can play an important part in the decisions 
which are made about economic development and resource management. A 
debate which arose over the remaining water in Porcupine Reservoir in Cache 
County in the summer of 1992 is one example from the past year in Cache 
Valley, Utah. Some downstream water users wished the water released so 
that it could be used for irrigation. Other parties wished the water retained to 
maintain a population of salmon that would not survive without the water. After 
much debate the decision was made that the water would be retained in the 
reservoir. 
This is one example of a conservation decision. Persons wanting to 
monopolize the water resource in such a way as to preclude future use 
possibilities were not allowed to in order to maintain future options. It is 
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important to consider how Cache Valley, Utah can best use its water resource 
in the area of economic development. With a limited water resource it would 
seem to be the most advantageous to target business with a low demand for 
water such as those which are primarily based on research and development. 
Conservation does not require a freeze on water use and stagnation of the 
economic life of an area. It is fully possible to have both a vigorous economy 
and wise use of the water resource. 
Options for extending the current water supplies are readily available. 
Conservation through demand reduction measures such as water conserving 
appliances and water pricing is easily accomplished. Prasifka (1988) has 
indicated that a home fitted with water conserving appliances can reduce water 
use by 22 % over a nonconserving home. Even larger reductions may be 
possible for exterior spaces. The use of native plants which require less water 
for landscaping, and careful and proper watering practices offer the opportunity 
to significantly reduce the need for water. Pleasant and attractive yards can be 
maintained under a low water use regime. 
Nonresidential areas are also amenable to conservation. The use of 
treated sewage effluent for areas such as golf courses rather than culinary 
water could substantially lessen the demand for culinary water. When the 
reduction of water becomes a priority, changes in agricultural or manufacturing 
production processes can lead to substantial reductions in water use. 
Currently many areas in Cache Valley, Utah are changing from flood irrigation 
to sprinkler irrigation. Sprinkler irrigation reduces the amount of water being 
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diverted because of lower transmission losses, but increases the quantity of 
water consumed in the irrigation of crops because of increased evaporation. 
Three benefits to changing the current paradigm described above will be 
discussed and some methods of initiating the change will be outlined. The first 
major benefit is easily quantified, lower costs. With conservation and careful 
use highly expensive water diversion and treatment projects can be avoided 
and more efficient use made of existing facilities. This avoids the need to raise 
taxes to pay for these facilities and frees a larger portion of society's resources 
to deal with other issues such as education, environmental challenges, and 
economic development. Wise use of existing resources would also be a draw 
to industry as it would be a signal of conscientious and careful management of 
government. Also avoided are the not insubstantial costs associated with the 
lawsuits which often accompany resource extraction efforts. 
The second major benefit is less easily quantified, but is easily visible. 
This is quality of life. The presence of water in watercourses and the many 
recreational activities associated with it, such as fishing, boating, and bird 
watching, are rapidly growing in popularity. It therefore follows that as larger 
populations move to an area the greater the benefit from having these 
amenities available to them. Many of the characteristics which attract people to 
Cache Valley, Utah have a relation to the amenities affiliated with water. 
The third benefit is that the number of persons who may be supported in 
their housing, employment, recreational, and agricultural needs will be 
expanded. This allows for greater economic development on the sanie 
82 
resource base. At the same time this extends the costs of water resource 
management to a wider population, thereby reducing the per person cost. 
In addition, with a conscientious program of conservation a municipality 
can realize beneficial results from a reduced need to fund expansion of the 
water supply and waste water treatment systems. The State Water Plan for the 
Bear River Basin (DWR, 1992, p. 12-8) states a need for a capital expenditure 
of $346.5 million to meet current needs for waste water treatment in the Bear 
River Basin. By reducing water use it is possible to delay expanding system 
capacity with its resultant costs. Individual water users benefit by having lower 
costs associated with their water use, either through actual reductions in billing 
for the amount of water used, or through lower energy costs associated with 
water conserving appliances such as dishwashers. Less immediate or obvious 
results of conservation may be maintenance of instream flows which improve 
recreational opportunities and natural amenities and lower taxes over time. 
These benefits will not come without effort. As noted in Chapter II the 
patterns of resource use extant in the western United States have been in 
formation for centuries. They will not be changed over night. Some efforts are 
currently being undertaken in Utah schools to educate children in the 
elementary schools on the importance of water and its use. These educational 
efforts need to be expanded. Many persons in Utah view the concept of water 
conservation as a punishment, something that deprives them of a needed item, 
rather than as a way to do more with the same amount of the water resource. 
The need for demand reduction is seen as a failure in the water supply rather 
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than a wise management tool. This needs to change. The careful use of the 
water resource should be the primary and first response to a water use 
question . 
.EriQml 
As mentioned in Chapter II, the method of charging for providing water 
can have a substantial effect on encouraging or discouraging the careful use of 
the water resource. Prasifka (1988) described those pricing practices likely to 
encourage use and those likely to discourage it. Practices which encourage 
use are flat rate and declining block. In a flat rate price structure a single set 
fee per billing cycle is assessed. There is no incentive to conserve since there 
is no benefit or cost to changing use. A declining block rate encourages use 
since those who use large quantities pay less per unit of water the more they 
use. The uniform rate is a somewhat neutral pricing structure which assesses 
an equal cost for each successive unit of water used. Price structures which 
discourage use are peak load, marginal-cost, and increasing block rates. Each 
of these price structures charges a higher price per unit of water as use 
increases. Peak-load assigns a higher price at times of the greatest demand. 
Marginal-cost charges a different, usually higher, rate to the last person to 
connect to the system than the first to reflect the cost of developing the last unit 
of supply. Increasing block rates charge prices which increase with each unit 
of water to reflect the increasing cost of developing additional sources to meet 
the high demand. The purpose of increasing rates is not only to gather 
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sufficient income to cover the costs of water provision but also to encourage 
large water users to engage in conservation measures. 
Several of the above mentioned pricing methods are currently in use in 
Cache Valley, Utah. Logan City uses a uniform charge based on a per 
thousand gallon basis and a fixed charge related to the size of water meter. 
Hyrum follows an increasing block rate which activates when water use 
exceeds ten thousand gallons. Less than ten thousand gallons is assessed a 
fixed charge. Richmond has established a pricing policy of a fixed charge up to 
75,000 gallons per four months. If this is exceeded there is a flat rate which is 
varied depending on the time of year to increase the cost during the summer 
months. Peak-load pricing for summertime use offers the opportunity for 
reduced water demand since much of the water demand during summer 
months is for exterior purposes, which are amenable to water conservation 
measures. 
Much has been written on the effect of price on the use of water which 
can not be discussed here. Those wishing to investigate the subject further are 
referred to one of the many works available. 
Al!ocatjonal Change 
Conservation of water can encompass much more than simple means 
such as changing the types of faucets in use. One conservation option which 
has been recently used in California is water exchanges. In Gottlieb and 
Fitzsimmons (1991) a description is given of how the Metropolitan Water 
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District, a major urban water supplier, purchased over 100,000 acre-feet of 
water from the Imperial Irrigation District. The agreement stipulated that the 
Metropolitan Water District would pay for the lining of canals and other use 
reduction changes and in return would be entitled to the water which was 
conserved. This was a historic agreement as it was the first time that such an 
exchange was permitted. This type of exchange has significant possible 
impacts in the use of water in Cache Valley, Utah. As noted previously in this 
thesis the DWR has estimated a transmission and application loss from 
seepage of over 70,000 acre-feet of water in Cache Valley from irrigation 
systems. This is more than the total consumption of all residential and 
industrial uses in Cache Valley, Utah. An agreement similar to that mentioned 
above between municipalities and other water users in the valley could provide 
a significant quantity of water for a minimal cost. Benefits of this type of 
arrangement are (a) it can be done without needing to apply for water rights to 
develop new sources, (b) it can provide for development of a significant 
quantity of water quickly when needed, (c) it avoids issues of condemnation of 
land for new reservoirs and conveyance systems, and (d) it has minimal 
environmental effects. A drawback to this exchange would be that irrigation 
waters are not always available when needed. This problem can be overcome 
through conjunctive use and other water management measures. It would also 
be necessary to carefully examine the impacts this would have on water rights 
in changing the recharge characteristics of local aquifers. This may also affect 
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some of the visual characteristics of the valley, as irrigation channels and their 
distinctive patterns and vegetation are altered. 
A related practice to the exchange concept is the use of underground 
reservoirs. Under this practice, at times of high stream flow water is removed 
from the water course and injected into the aquifer to increase the amount of 
water stored in the aquifer. Later, when stream flows have lessened, the water 
is pumped back out and used. At least one municipality in the Salt Lake City 
metropolitan area is utilizing this method. This is one possibility under the 
idea of conjunctive use. Conjunctive use, which was supported in DWR 
(1992), is the integrated utilization of surface and ground water supplies to 
avoid over use of individual resources and avoid development costs. This 
practice appears to have great potential in the management of water resources 
in Cache Valley, Utah. It is recommended that further investigations into this 
practice and its application to Cache Valley, Utah be pursued. 
Future Research 
Significant quantities of research relating to Cache Valley, Utah and 
water still remain to be done. Some topics for consideration are (a) improved 
isolation of demand variables, (b) cost and production of water resulting from 
conservation and management changes, (c) determination of the carrying 
capacity of the valley, (d) water consumption and return flow volumes and 
characteristics, and (e) development of improved educational programs about 
water conservation and use. 
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Summary Statement 
This thesis has examined the water demand of Cache Valley, Utah. In 
this process several conclusions were reached. First, Cache Valley, Utah has 
sufficient water resources available for utilization to satisfy likely needs for at 
least the next 20 years as indicated by this thesis. Options for meeting water 
demands include conservation (including use reduction), development of new 
water supply sources, and expanding production of existing sources. Second, 
agriculture is the largest water user in the valley followed by residential and 
industrial. Third, the greatest changes in water demand from conservation and 
reallocation can come from agriculture. Conservation from agriculture 
represents a quantity which would be sufficient to provide for the forecast 
needs of Cache Valley for the next 20 years providing that sufficient storage 
facilities were available. All sectors have the potential to reduce their current 
demand. 
Future forecasting efforts would be greatly enhanced by better record 
keeping by municipalities and industrial users. Logan City, the largest 
residential water provider, does not differentiate between user categories and 
many other cities have years of data missing from their records. Given current 
constraints, single linear regression is a useful , but limited, method in its ability 
to explain the complexities of water demand in Cache Valley, Utah. 
A new set of water policies should be considered. These policies should 
have several basic characteristics. First, no area should be given precedence 
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over another in water allocations. It is just as much the right of one area to 
develop its potential as another. Second, water use for maintaining instream 
flows and other similar uses should be an equal priority to other water claims. 
Third, construction of dams and other facilities which change the character and 
location of water flows should be the last rather than first option investigated for 
provision of water. Fourth, conservation and wise use of the water resource 
should be an explicit and important part of any water use plan whether of 
private or governmental origins. Fifth , integrated use programs such as reuse 
of wastewater and conjunctive use of surface and groundwaters should be 
commonly utilized. Sixth, a holistic rather than fragmented view of water 
provision must be included. 
Water is a unique resource and must be considered in a unique use 
paradigm. Water is a commodity that takes many different forms and may be 
used in all of them. It can be skied on when it is snow, canoed on when in a 
stream , used to clean clothes in a washing machine, fished in after being 
treated, and passed through dozens of other uses before either evaporating or 
reaching its terminus. Water is unlike any other resource in that it can not be 
divided and no control can be exercised over it in its natural state the way a 
stand of timber or a mining claim may be. It is on~ of the few resources which 
is absolutely essential for life. 
A refusal to consider what the future may hold greatly increases the 
probability of a future of regret. By conscientiously examining present patterns 
of resource use and the motives behind them, the opportunity is provided to 
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shape a better future. It is hoped that this thesis will contribute to an 
understanding of water use in Cache Valley, Utah and help to make the future 
more pleasant. 
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APPENDICES 
APPENDIX A 
Results of Water Demand Survey of 61 Largest Employers 
in Cache Valley, Utah 
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YES NO 
Water Use Questionnaire 
Is your business connected to a Municipal water system? If yes, which? 
How much water does your business use annually? (gallons or acre feet) 
Does your business have seasonal differences in its water use? If yes, which 
seasons are: 
Highest Lowest _____ _ 
If known, how much water does your business use by Month? 
Jan. ___ Feb.___ March ___ April __ _ 
May ___ June ___ July ___ Aug. __ _ 
Sept. ___ Oct.___ Nov. Dec. 
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Are there governmental regulations which affect the quantities of water used in 
your business? 
If yes, which level of government issued the regulations with the most impact? 
Federal State Local _____ _ 
What are the two highest uses of water in your business? 
1st -------------------------
2nd 
Does the number of persons ellllloyed by your business vary with the season? 
What time of year does your business have the most employees? 
How many persons are employed by your business on average? 
Please add on the back of this form any other information which you feel would help to describe 
the water use pattern of your business. 
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Survey Results 
Annual water use Ave annual emp Econ. Sector 
in gallons 
7,560,000 10 AGRICULTURE 
3,500,000 60 CONSTRUCTION 
40 FIRE 
11 GOVERNMENT 
unknown 700 GOVERNMENT 
15,000 70 GOVERNMENT 
506,232,000 3900 GOVERNMENT 
100,000,000 300 MANUFACTURING 
275,000,000 1150 MANUFACTURING 
165,999,000 452 MANUFACTURING 
unknown 50 MANUFACTURING 
3,200,000 530 MANUFACTURING 
493,000 140 MANUFACTURING 
5,200,000 130 MANUFACTURING 
61,200 60 MANUFACTURING 
unknown MANUFACTURING 
2,400,000 200 MANUFACTURING 
52,000,000 230 MANUFACTURING 
3,636,000 270 MANUFACTURING 
65,542,000 505 MANUFACTURING 
2,512,000 230 MANUFACTURING 
2,400,000 293 MANUFACTURING 
65 MANUFACTURING 
28,650,000 2000 MANUFACTURING 
unknown 140 SERVICES 
unknown 100 SERVICES 
125,000 85 SERVICES 
unknown 220 SERVICES 
18,086,000 125 SERVICES 
30,000,000 700 SERVICES 
13,844,000 240 SERVICES 
637,000 25 TCPU 
8,000,000 141 TCPU 
816,000 42 TCPU 
unknown 205 TRADE 
unknown 125 TRADE 
1,726,000 90 TRADE 
>20000 24 TRADE 
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Survey Results 
First use Second use Per employee water use 
production cleaning 756,000.00 AG 
process cleaning 58,333.33 CON 
HVAC Restrooms FlRE 
99,851 .48 GOV 
hygiene irrigation 107,054.23 MAN 
hygene & drink cleaning 53,960.87 SERV 
sanitation coofing 19,177.78 TRADE 
. cleaning coofing 45,447.12 TCPU 
Processing sanitation 
sanitation coofing 
restrooms drinking 
lawns coofing 
process lawn/sanitation 
cleaning process 
process sanitation/air 
process sanitation 
process process 
irrigation airconartion 
Processing sanitation 
hygene & drink exterior 
cleaning lawns 
lawns restrooms 
processing sanitation 
irrigation sanitation 
hygiene drinking 
process process 
lawn irrigation hygene 
hygiene lawn water 
hot water irr & air cond 
lawns cleaning 
truck washing process 
hygene & drink lawn water 
cleaning . rest rooms 
Process process 
Restrooms lawns 
restrooms cleaning 
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APPENDIX B 
Equation Copyright Permission 
745 North 600 East #1 
Logan UT, 84321 
Phone (801) 752-0197 home 
(801) 750-1724 work 
February 4, 1993 
Prentice-Hall Inc. 
Permissions Editor 
College Editorial library 
Englewood Cliffs NJ, 07632 
Dear Permissions Editor: 
100 
I would like permission to use the enclosed and highfighted formulas in my 
masters thesis to illustrate the methodology of linear regression. The 
distribution and reproduction is anticipated to be of small number. The method 
of reproduction would be by being entered into a word processing document 
and then by photocopy. 
Title: Fundamentals of forecasting 
Edition: Rrst 
Year Published: 1977 
Author: Sulfivan, William G. 
Secondary Author: Claycombe, W. Wayne 
ISBN: 0-87909-300-5 
NumberofPages: 10 
Pages: 28,61,65,66, 71,250,251,262,266 
I would be happy to answer any questions about this request and may be 
reached at the numbers listed above. Thank you for your assistance. 
Sincerely, 
Chris Saunders 
Enclosures 
PRENTfCE HALL 
Simon C.: s;hustcr [ duc.ation GfVup 
I 13 S"i•:.an A•:.enu~ Route '9W 
En,sl<wood Cliiis.. N u;-631 
:):11·3Q!-1000 
Fe bruary 25. 1993 
Chris Saunders 
745 North 600 East H 
Logan, UT 84321 
Dear Mr~ Saunders: 
We are g1ac! to sive you perm.i~si:;m to reprint fro:a. oo.r 
text{s), 
FUNDAMENTALS OF FORECASTING by Sullivan/Claycombe 
in accordance with the conditions outlined in your 1etter 
of 2-24-93~ For use in your thesis . 
Please give credit to the author(s), the title(s), and 
the publisher with copyri9ht year date(s). Our usual 
credit line appears below:· 
William G. Sullivan/W. Wayne Claycombe, FUNDAMENTALS OF 
FORECASTING,Ol977 ,pp.28 ,61.65,66, 71,250,251,262,266. 
Reprinted by permission of Prentice Hall .. Englewood 
Cliffs, New Jersey. 
Sincerely, 
\"r~~·L~ '\::.--
Michelle Johns~j 
Permissions Editor 
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APPENDIX C 
Data Sets for Residential Water Demand Scenarios 
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Residential Water Demand Scenario 1 
Logan 
Year Population Water use gallons per capita use daily percapita 
1960 18,731 2,950,600,000 157,524.96 431.58 
1961 19,000 2,810,000,000 147,894.74 405.19 
1962 19,200 3,100,000,000 161,458.33 442.35 
1963 19,900 3,387,070,000 170,204.52 466.31 
1964 20,300 2,987,529,000 147,168.92 403.20 
1965 20,500 3,180,500,000 155,146.34 425.06 
1966 21,000 3,429,425,000 163,305.95 447.41 
1967 21,200 3,195,385,000 150,725.71 412.95 
1968 21,600 3,370,740,000 156,052.78 427.54 
1969 22,000 3,376,208,000 153,464.00 420.45 
1970 22,600 4,054,371 ,000 179,396.95 491.50 
1971 23,000 4,148,664,000 180,376.70 494.18 
1972 23,500 4,339,189,000 184,646.34 505.88 
1973 23,900 4,519,679,000 189,107.91 518.10 
1974 24,200 4,492,970,000 185,659.92 508.66 
1975 24,500 4,416,870,000 180,280.41 493.92 
1976 24,800 4,630,704,000 186,721 .94 511 .57 
19n 25,100 4,523,689,000 180,226.65 493.n 
1979 25,972 4,802,424,000 184,907.75 506.60 
1980 26,844 5,145,495,000 191,681.38 525.15 
1981 30,736 5,343,993,000 173,867.55 476.35 
1982 34,628 5,023,035,000 145,057.03 397.42 
1983 34,628 4,655,915,000 134,455.21 368.37 
1984 34,628 4,n7,134,ooo 137,955.82 377.96 
1985 34,628 4,945,886,000 142,829.10 391 .31 
1986 34,814 4,752,733,000 136,517.87 374.02 
1987 35,000 4,627,617,000 132,217.63 362.24 
1988 35,000 4,156,365,000 118,753.29 325.35 
1989 41,550 4,953,on,ooo 119,207.63 326.60 
1990 42,550 4,550,419,000 106,942.87 292.99 
1991 44,760 4,868,283,000 108,764.14 297.98 
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Residential Water Demand Scenario 2 
Logan 
Total Water 
Year Population Use (Kgal) Per capita 
1960 18,731 2,950,600 431 .58 
1961 19,000 2,810,000 405.19 
1962 19,200 3,100,000 442.35 
1963 19,900 3,387,070 466.31 
1964 20,300 2,987,529 403.20 
1965 20,500 3,180,500 425.06 
1966 21,000 3,429,425 447.41 
1967 21,200 3,195,385 412.95 
1968 21,600 3,370,740 427.54 
1969 22,000 3,376,208 420.45 
1970 22,600 4,054,371 491 .50 
1971 23,000 4,148,664 494.18 
1972 23,500 4,339,189 505.68 
1973 23,900 4,519,679 518.10 
1974 24,200 4,492,970 508.66 
1975 24,500 4,416,870 493.92 
1976 24,800 4,630,704 511 .57 
19n 25,100 4,523,689 493.n 
1978 
1979 4,802,424 
1980 26,844 5,145,495 525.15 
1981 5,343,993 
1982 34,628 5,023,035 397.42 
1983 34,628 4,655,915 368.37 
1984 4,n7,134 
1985 34,628 4,945,886 391.31 
1986 4,752,733 
1987 35,000 4,627,617 362.24 
1988 35,000 4,156,365 325.35 
1989 41,550 4,953,007 326.59 
1990 42,550 4,550,419 292.99 
1991 44,760 4,868,283 297.98 
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Residential Water Demand Scenario 2 
Hyrum 
Total Water 
Year Population Use{Kgal) Per capita 
1960 274,188 
1961 
1962 
1963 351,758 
1964 360,788 
1965 398,000 
1966 416,341 
1967 479,185 
1968 428,682 
1969 496,979 
1970 495,000 
1971 492,639 
1972 472,131 
1973 519,910 
1974 524,444 
1975 529,000 
1976 531,000 
1977 499,000 
1978 534,137 
1979 3,872 586,561 415.04 
1980 3,975 669,424 461 .39 
1981 4,100 627,966 419.62 
1982 4,000 733,679 502.52 
1983 4,500 688,429 419.13 
1984 768,231 
1985 4,600 905,807 539.49 
1986 4,600 1,153,421 686.97 
1987 4,900 1,012,544 566.14 
1988 4,980 1,145,406 630.14 
1989 5,025 1,130,965 . 616.62 
1990 5,000 1,355,894 742.96 
1991 5,000 1,054,363 577.73 
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Residential Water Demand Scenario 2 
Smithfield 
Total Water 
Year Population Use (Kgal) Per capita 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 4700 1053995 614.40 
1980 5011 1060295 579.71 
1981 5011 1082663 591 .94 
1982 5000 1216662 666.66 
1983 5250 40060 20.91 
1984 5300 1299418 671 .71 
1985 5335 455300 233.81 
1986 5463 1325600 664.80 
1987 
1988 5550 1059955 523.24 
1989 5609 1045500 510.68 
1990 5609 873680 426.75 
1991 5700 1060300 509.64 
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Residential Water Demand Scenario 2 
Wellsville 
Total Water 
Year Population Use (Kgal) Per capita 
1960 926786 
1961 825265 
1962 825265 
1963 
1964 600400 
1965 718148 
1966 
1967 
1968 
1969 718148 
1970 550000 
1971 550000 
1972 550000 
1973 566800 
1974 578800 
1975 581000 
1976 . 590000 
19n 
1978 
1979 
1980 2100 0.00 
1981 2100 322353 420.55 
1982 2100 379118 494.61 
1983 399526 
1984 2100 499632 651.84 
1985 
1986 2100 540467 705.11 
1987 2200 540467 673.06 
1988 
1989 2200 311725 388.20 
1990 
1991 2208 248526 308.38 
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Residential Water Demand Scenario 2 
Richmond 
Total Water 
Year Population Use (Kgal) Per capita 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 1700 77857 125.47 
1981 1705 178636 287.05 
1982 1705 108512 174.37 
1983 92175 
1984 1750 158815 248.63 
1985 1750 360036 563.66 
1986 1750 360036 563.66 
1987 1800 367920 560.00 
1988 1800 0.00 
1989 1800 1909899 2907.00 
1990 1945 207375 292.11 
1991 1955 207375 290.61 
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Residential Water Demand Scenario 2 
Newton 
Total Water 
Year Population Use(Kgal) Per capita 
1960 44676 
1961 37000 
1962 41680 
1963 38858 
1964 41716 
1965 48364 
. 1966 50500 
1967 60250 
1968 66275 
1969 70000 
1970 70000 
1971 
1972 
1973 
1974 
1975 
1976 
19n 
1978 
1979 600 64717 295.51 
1980 625 66949 293.48 
1981 
1982 550 67618 336.83 
1983 600 69184 315.91 
1984 625 70000 306.85 
1985 635 68000 293.39 
1986 640 68000 291.10 
1987 640 70000 299.66 
1988 640 70000 299.66 
1989 700 no4o 301.53 
1990 700 n760 304.34 
1991 660 n760 322.79 
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Residential Water Demand Scenario 2 
Mendon 
Total Water 
Year Population Use (Kgal) Per capita 
1960 115586 
1961 707748 
1962 50198 
1963 50198 
1964 50869 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 670 43720 178.78 
1981 650 41000 172.81 
1982 663 192562 795.73 
1983 674 213068 866.09 
1984 220731 
1985 206483 
1986 220290 
1987 191042 
1988 178718 
1989 
1990 686 140527 561.23 
1991 725 144023 544.25 
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Residential Water Demand Scenario 2 
Millville 
Total Water 
Year Population Use (Kgal) Per capita 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 30000 
1972 52646 
1973 91980 
1974 
1975 
1976 
1977 
1978 
1979 
1980 900 69523 211 .64 
1981 848 61796 199.65 
1982 1000 67985 186.26 
1983 1030 59477 158.20 
1984 1045 69560 182.37 
1985 65100 
1986 1300 65104 137.21 
1987 1300 65850 138.78 
1988 
1989 1350 79680 161.70 
1990 1400 
1991 1200 103400 236.07 
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Residential Water Demand Scenario 2 
Hyde Park 
Total Water 
Year Population Use (Kgal) Per capita 
1960 
1961 117895 
1962 48260 
1963 117895 
1964 117895 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 9000 
1976 
19n 249448 
1978 250000 
1979 1500 87564 159.93 
1980 1495 143452 262.89 
1981 134280 
1982 1500 127860 233.53 
1983 
1984 1700 316224 509.63 
1985 1800 285984 435.29 
1986 1860 285552 420.61 
1987 1920 287105 409.68 
1988 . 2000 215286 294.91 
1989 2000 227862 312.14 
1990 2119 234005 302.55 
1991 
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Residential Water Demand Scenario 2 
River Heights 
Total Water 
Year Population Use(Kgal) Per capita 
1960 50000 
1961 38000 
1962 46000 
1963 50000 
1964 46000 
1965 47649 
1966 54594 
1967 56586 
1968 62102 
1969 78666 
1970 90584 
1971 96333 
1972 97357 
1973 77323 
1974 119900 
1975 113740 
1976 124558 
1977 128520 
1978 139537 
1979 1150 170009 405.02 
1980 1250 129859 284.62 
1981 1200 131912 301 .17 
1982 1250 130824 286.74 
1983 1250 120027 263.07 
1984 1250 95438 209.18 
1985 135280 
1986 
1987 1330 150171 309.34 
1988 1350 170599 346.22 
1989 1400 157443 308.11 
1990 1320 156938 325.73 
1991 1276 134941 289.73 
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Residential Water Demand Scenario 2 
Cornish 
Total Water 
Year Population Use (Kgal) Per capita 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 15768 
1968 15768 
1969 21600 
1970 
1971 24500 
1972 24500 
1973 25000 
1974 30000 
1975 30000 
1976 52560 
1977 52560 
1978 52800 
1979 200 23230 318.22 
1980 170 22078 355.81 
1981 200 22000 301.37 
1982 170 20864 336.24 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 194 27960 394.86 
1991 205 26260 350.95 
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Residential Water Demand Scenario 2 
North Logan 
Total Water 
Year Population Use (Kgal) Per capita 
1960 
1961 
1962 
1963 
1964 1046 45250 118.52 
1965 1076 55100 140.30 
1966 1149 140000 333.82 
1967 1187 51084 117.91 
1968 1268 63754 137.75 
1969 1358 75659 152.64 
1970 1405 72017 140.43 
1971 1516 78835 142.47 
1972 1657 86790 143.50 
1973 1695 91273 147.53 
1974 1764 112530 174.77 
1975 1905 182323 262.21 
1976 2057 174429 232.32 
1977 2100 177305 231.32 
1978 145563 
1979 2300 166243 198.03 
1980 2257 186521 226.41 
1981 2257 203670 247.23 
1982 2437 193551 217.59 
1983 2500 203000 222.47 
1984 3137 236000 206.11 
1985 3200 273047 233.77 
1986 3000 162367 148.28 
1987 119239 
1988 4400 195247 121 .57 
1989 4400 256343 159.62 
1990 4500 274457 167.10 
1991 4200 246311 160.67 
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Residential Water Demand Scenario 2 
Worksheet Totals 
Year Population water use per capita per cap daily forecast 
(Kgal) 
1960 18,731 2,950,600 157,525 431 .58 3 ,224,802 
1961 19,000 2,810,000 147,895 405.19 3,257,484 
1962 19,200 3,100,000 161,458 442.35 3 ,281 ,763 
1963 19,900 3,387,070 170,205 466.31 3,366,828 
1964 21,346 3,032,779 142,077 389.25 3,542,509 
1965 21,576 3,235,600 149,963 410.86 3,570,452 
1966 22,149 3,569,425 161 ,155 441.52 3 ,640,069 
1967 22,387 3,246,469 145,016 397.30 3,668,984 
1968 22,868 3,434,494 150,188 411.47 3,727,423 
1969 23,358 3,451,867 147,781 404.88 3,786,955 
1970 24,005 4,126,388 171,897 470.95 3,865,561 
1971 24,516 4,227,499 172,438 472.43 3,927,645 
1972 25,157 4,425,979 175,934 482.01 4,005,523 
1973 25,595 4,610,952 180,150 493.56 4,058,737 
1974 25,964 4,605,500 177,380 485.97 4,103,568 
1975 26,405 4,599,193 174,179 477.20 4,157,147 
1976 26,857 4,805,133 178,915 490.18 4,212,062 
1977 25,100 4,700,994 187,291 513.1 2 3,998,597 
1979 14,322 2,152,319 150,281 411.73 2,689,135 
1980 44,897 7,615,173 169,614 464.70 6,403,814 
1981 16,366 2,493,360 152,350 417.40 2,937,469 
1982 55,003 8,262,270 150,215 411.55 7,631,633 
1963 50,432 6,049,160 119,947 328.62 7,076,284 
1984 16,907 2,745,087 162,364 444.63 3 ,003,197 
1985 51,948 7,294,060 140,411 384.69 7,260,469 
1986 20,713 3,960,547 191 ,211 523.86 3,465,603 
1987 49,090 7,121,674 145,074 397.46 6,913,239 
1988 53,920 7,012,858 130,060 356.33 7,500,055 
1989 66,034 10,149,464 153,701 421 .10 8,971,634 
1990 64,623 7,899,015 122,232 334.88 8,800,405 
1991 67,889 8,171,542 120,368 329.77 9,197,205 
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Residential Water Demand Scenario 3 
Hyrum 
Total Water 
Year Population Use(Kgal) Per capita 
1960 274,188 
1961 
1962 
1963 351 ,758 
1964 360,788 
1965 398,000 
1966 416,341 
1967 479,185 
1968 428,682 
1969 496,979 
1970 495,000 
1971 492,639 
1972 472,131 
1973 519,910 
1974 524,444 
1975 529,000 
1976 531,000 
19n 499,000 
1978 534,137 
1979 3,872 586,561 415.04 
1980 3,975 669,424 461 .39 
1981 4,100 627,966 419.62 
1982 4,000 733,679 502.52 
1983 4,500 688,429 419.13 
1984 768,231 
1985 4,600 905,807 539.49 
1986 4,600 1,153,421 686.97 
1987 4,900 1,012,544 566.14 
1988 4,980 1,145,406 630.14 
1989 5,025 1,130,965 616.62 
1990 5,000 1,355,894 742.96 
1991 5,000 1,054,363 577.73 
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Residential Water Demand Scenario 3 
Sm~hfield 
Total Water 
Year Population Use(Kgal) Per capita 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
19n 
1978 
1979 4700 1053995 614.40 
1980 5011 1060295 579.71 
1981 5011 1082663 591.94 
1982 5000 1216662 666.66 
1983 5250 40060 20.91 
1984 5300 1299418 671.71 
1985 5335 455300 233.81 
1986 5463 1325600 664.80 
1987 
1988 5550 1059955 523.24 
1989 5609 1045500 510.68 
1990 5609 873680 426.75 
1991 5700 1060300 509.64 
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Residential Water Demand Scenario 3 
Wellsville 
Total Water 
Year Population Use (Kgal) Per capita 
1960 926786 
1961 825265 
1962 825265 
1963 
1964 600400 
1965 718148 
1966 
1967 
1968 
1969 718148 
1970 550000 
1971 550000 
1972 550000 
1973 566800 
1974 578800 
1975 581000 
1976 590000 
19n 
1978 
1979 
1980 2100 0.00 
1981 2100 322353 420.55 
1982 2100 379118 494.61 
1983 399526 
1984 2100 499632 651.84 
1985 
1986 2100 540467 705.11 
1987 2200 540467 673.06 
1988 
1989 2200 311725 388.20 
1990 
1991 2208 248526 308.38 
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Residential Water Demand Scenario 3 
Richmond 
Total Water 
Year Population Use(Kgal) Per capita 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 1700 77857 125.47 
1981 1705 178636 287.05 
1982 1705 108512 174.37 
1983 92175 
1984 1750 158815 248.63 
1985 1750 360036 563.66 
1986 1750 360036 563.66 
1987 1800 367920 560.00 
1988 1800 0.00 
1989 1800 1909899 2907.00 
1990 1945 207375 292.11 
1991 1955 207375 290.61 
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Residential Water Demand Scenario 3 
Newton 
Total Water 
Year Population Use(Kgal) Per capita 
1960 44676 
1961 37000 
1962 41680 
1963 38858 
1964 41716 
1965 48364 
1966 50500 
1967 60250 
1968 66275 
1969 70000 
1970 70000 
1971 
1972 
1973 
1974 
1975 
1976 
19n 
1978 
1979 600 64717 295.51 
1980 625 66949 293.48 
1981 
1982 550 67618 336.83 
1983 600 69184 315.91 
1984 625 70000 306.85 
1985 635 68000 293.39 
1986 640 68000 291.10 
1987 640 70000 299.66 
1988 640 70000 299.66 
1989 700 no4o 301.53 
1990 ioo 7n60 304.34 
1991 660 n76o 322.79 
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Residential Water Demand Scenario 3 
Mendon 
Total Water 
Year Population Use(Kgal) Per capita 
1960 115586 
1961 707748 
1962 50198 
1963 50198 
1964 50869 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 670 43720 178.78 
1981 650 41000 172.81 
1982 663 192562 795.73 
1983 674 213068 866.09 
1984 220731 
1985 206483 
1986 220290 
1987 191042 
1988 178718 
1989 
1990 686 140527 561.23 
1991 725 144023 544.25 
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Residential Water Demand Scenario 3 
Millville 
Total Water 
Year Population Use(Kgal) Per capita 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 30000 
1972 52646 
1973 91980 
1974 
1975 
1976 
19n 
1978 
1979 
1980 900 69523 211 .64 
1981 848 61796 199.65 
1982 1000 67985 186.26 
1983 1030 594n 158.20 
1984 1045 69560 182.37 
1985 65100 
1986 1300 65104 137.21 
1987 1300 65850 138.78 
1988 
1989 1350 79680 161 .70 
1990 1400 
1991 1200 103400 236.07 
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Residential Water Demand Scenario 3 
Hyde Park 
Total Water 
Year Population Use(Kgal) Per capita 
1960 
1961 117895 
1962 48260 
1963 117895 
1964 117895 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 9000 
1976 
19n 249448 
1978 250000 
1979 1500 87564 159.93 
1980 1495 143452 262.89 
1981 134280 
1982 1500 127860 233.53 
1983 
1984 1700 316224 509.63 
1985 1800 285984 435.29 
1986 1860 285552 420.61 
1987 1920 287105 409.68 
1988 2000 215286 294.91 
1989 2000 227862 312.14 
1990 2119 234005 302.55 
1991 
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Residential Water Demand Scenario 3 
River Heights 
Total Water 
Year Population Use(Kgal) Per capita 
1960 50000 
1961 38000 
1962 46000 
1963 50000 
1964 46000 
1965 47649 
1966 54594 
1967 56586 
1968 62102 
1969 78666 
1970 90584 
1971 96333 
1972 97357 
1973 n323 
1974 119900 
1975 113740 
1976 124558 
19n 128520 
1978 139537 
1979 1150 170009 405.02 
1980 1250 129859 284.62 
1981 1200 131912 301 .17 
1982 1250 130824 286.74 
1983 1250 120027 263.07 
1984 1250 95438 209.18 
1985 135280 
1986 
1987 1330 150171 309.34 
1988 1350 170599 346.22 
1989 1400 157443 308.11 
1990 1320 156938 325.73 
1991 1276 134941 289.73 
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Residential Water Demand Scenario 3 
Cornish 
Total Water 
Year Population Use(Kgal) Per capita 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 15768 
1968 15768 
1969 21600 
1970 
1971 24500 
1972 24500 
1973 25000 
1974 30000 
1975 30000 
1976 52560 
1977 52560 
1978 52800 
1979 200 23230 318.22 
1980 170 22078 355.81 
1981 200 22000 301.37 
1982 170 20864 336.24 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 194 27960 394.86 
1991 205 26260 350.95 
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Residential Water Demand Scenario 3 
North Logan 
Total Water 
Year Population Use (Kgal) Per capita 
1960 
1961 
1962 
1963 
1964 1046 45250 118.52 
1965 1076 55100 140.30 
1966 1149 140000 333.82 
1967 1187 51084 117.91 
1968 1268 63754 137.75 
1969 1358 75659 152.64 
1970 1405 72017 140.43 
1971 1516 78835 142.47 
1972 1657 86790 143.50 
1973 1695 91273 147.53 
1974 1764 112530 174.77 
1975 1905 182323 262.21 
1976 2057 174429 232.32 
1977 2100 177305 231.32 
1978 145563 
1979 2300 166243 198.03 
1980 2257 186521 . 226.41 
1981 2257 203670 247.23 
1982 2437 193551 217.59 
1983 2500 203000 222.47 
1984 3137 236000 206.11 
1985 3200 273047 233.77 
1986 3000 162367 148.28 
1987 119239 
1988 4400 195247 121.57 
1989 4400 256343 159.62 
1990 4500 274457 167.10 
1991 4200 246311 160.67 
Residential Water Demand Scenario 3 
Totals 
Year Population 
1964 1046 
1965 1076 
1966 1149 
1967 1187 
1968 1268 
1969 1358 
1970 1405 
1971 1516 
1972 1657 
1973 1695 
1974 1764 
1975 1905 
1976 2057 
19n 2100 
1979 14322 
1980 18053 
1981 16366 
1982 20375 
1983 15804 
1984 16907 
1985 17320 
1986 20713 
1987 14090 
1988 18920 
1989 24484 
1990 22073 
1991 23129 
water use 
gallons 
45,250,000 
55,100,000 
140,000,000 
51,084,000 
63,754,000 
75,659,000 
72,017,000 
78,835,000 
86,790,000 
91,273,000 
112,530,000 
182,323,000 
174,429,000 
1n,305,000 
2,152,319,000 
2,469,678,000 
2,493,360,000 
3,239,235,000 
1,393,245,000 
2,745,087,000 
2,348,174,000 
3,960,547,000 
2,494,057,000 
2,856,493,000 
5,196,457,000 
3,348,596,000 
3,303,259,000 
per capita per capita 
daily 
43,260 118.52 
51,208 140.30 
121,845 333.82 
43,036 117.91 
50,279 137.75 
55,714 152.64 
51,258 140.43 
52.002 142.47 
52,378 143.50 
53,848 147.53 
63,793 174.n 
95,708 262.21 
84,798 232.32 
84,431 231 .32 
150,281 411 .73 
136,802 374.80 
152,350 417.40 
158,981 435.56 
88,158 241 .53 
162,364 444.83 
135,576 371 .44 
191,211 523.86 
177,009 484.96 
150,9n 413.64 
212,239 581 .48 
151,706 415.63 
142,819 391.28 
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forecast 
-15,152,763 
-10,080,599 
2,261,667 
8,686,408 
22,381,251 
37,597,743 
45,544,133 
64,311 ,140 
88,150,311 
94,575,052 
106,241,030 
130,080,201 
155,n9,165 
163,049,267 
2,229,448,903 
2,860,257,039 
2,575,032,347 
3,252,842,537 
2,480,013,807 
2,666,500,372 
2,736,327,164 
3,309,988,918 
2,190,224,167 
3,006,842,580 
3,947,559,940 
3,539,927,022 
3,718,467,197 
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APPENDIX D 
Results of Forecasts 
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Total Valley Wide Demand in Acre-feet 
Using Residential Demand Scenario 3 
1995 2000 2005 2010 
Nonn 441,980 444,362 448,025 461,122 
5% High 447,079 450,960 464,520 465,286 
10% High 450,376 454,442 468,648 469,450 
5%Low 440,485 443,997 456,265 456,958 
10%Low 437,188 440,515 452,138 452,794 
Using Residential Demand Scenario 2 
1995 . 2000 2005 2010 
Nonn 421,304 422,866 425,112 432,582 
5%High 423,329 424,970 427,327 435,171 
10%High 425,354 427,073 429,543 437,761 
5%Low 419,279 420,763 422,896 429,993 
10%Low 417,253 418,660 420,680 427,404 
Using Residential Demand Scenario 1 
1995 2000 2005 2010 
Nonn 407,766 408,954 410,552 415,455 
5%High 409,252 410,500 412,178 417,325 
10%High 410,738 412,045 413,803 419,195 
5%Low 406,280 407,409 408,927 413,585 
10%Low 404,794 405,864 407,302 411,714 
Residential Water Demand Scenario 1 
Forecast Section 
Year 
1995 
2000 
2005 
2010 
5% high 
10% high 
5%1ow 
10%1ow 
correlation 
test 
population 
73504 
76054 
80464 
97964 
77,179 
79,857 
84,487 
102,862 
80,854 
83,659 
88,510 
107,760 
69,829 
72,251 
76,441 
93,066 
66,154 
68,449 
72,418 
88,168 
total water use 
5, 708,456,906 
5,906,616,075 
6,249,314,873 
7,609,230,739 
5,994,054,780 
6,202,121,907 
6,561,955,645 
7,989,867,304 
6,279,652,654 
6,497,627,740 
6,87 4,596,417 
8,370,503,870 
5,422,859,033 
5,611,110,243 
5,936,674,101 
7,228,594,174 
5,137,261,159 
5,315,604,411 
5,624,033,329 
6,847,957,608 
r- .37 
r squared= .14 
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daily per capHa 
212.77 
212.78 
212.78 
212.80 
212.78 
212.78 
212.79 
212.81 
212.78 
212.79 
212.79 
212.81 
212.77 
212.77 
212.78 
212.80 
212.76 
212.76 
212.77 
212.79 
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Residential Water Demand Scenario 2 
Forecast 
Year Population Gallons percapita 
1995 73504 10,152,731 ,291 378.42 
2000 76054 10,476,758,919 377.41 
2005 80464 11,037,136,112 375.80 
2010 97964 13,260,855,130 370.86 
5% high 
77,179 10,619,737,699 376.98 
79,857 10,959,966,709 376.01 
84,487 11,548,362,761 374.49 
102,862 13,883,267,730 369.78 
10% high 
80,854 11 ,086,744,106 375.67 
83,659 11,443,17 4,498 374.75 
88,510 12,059,589,409 373.29 
107,760 14,505,880,329 368.80 
5%1ow 
69,829 9,685,724,883 380.02 
72,251 9,993,551,130 378.95 
76,441 10,525,909,463 377.26 
93,066 12,638,442,530 372.06 
10% low 
66,154 9,218,718,476 381 .79 
68,449 9,510,343,341 380.66 
72,418 10,014,682,814 378.88 
88,168 12,016,029,931 373.39 
correlation r squared c .92 
test rc .96 
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Residential Water Demand Scenario 3 
Forecast 
1995 73504 16,856,972,089 628.31 
2000 76054 17,444,212,425 628.40 
2005 80464 18.459,792, no 628.54 
2010 97964 22,489,873,507 628.97 
5% high 
n,179 17,703,335,102 628.44 
79,857 18,319,937,454 628.52 
84,487 19,386,296,817 628.65 
102,862 23,617,881,591 629.06 
10"/o high 
80,854 18,549,698,114 628.55 
83,659 19,195,662,484 628.63 
88,510 20,312,800,864 628.76 
107,760 24,745,889,674 629.15 
5% low 
69,829 16,010,609,076 628.17 
72,251 16,568,487,395 628.27 
76,441 17,533,288,724 628.41 
93,066 21 ,361 ,865,423 628.86 
10% low 
66,154 15,164,246,063 628.02 
68,449 15,692,762,366 628.12 
72,418 16,606,784,677 628.27 
88,168 20,233,857,340 628.75 
correlation r = .83 
test r squared E .69 
Industrial Demand by Growth Variation 134 
Secto rs 1995 2000 200 5 2 010 
K; 1,572,480,000 1,586,088,000 1, 598,940,000 1,6 14,060, 000 
MAN 1 ,006,630,9 40 1,108, 118 ,352 1, 2 14 ,744,366 1,33 1,647,58 7 
1a'U 31,313,063 34,130,784 37,266, 635 40,947,851 
1RADE 104,940,800 114,433,80 0 124 ,540,489 136,315,644 
FA: 6 ,390,000 6,890,000 7 ,470,000 8 ,210,000 
GOY 916,822,299 943,191,564 950,710,074 996,692,84 2 
ro-1 59,791,667 63,758,333 68,016,667 73,208,333 
SEI1V 272,988,039 303,745,735 336 ,715,826 374,866,161 
Total 3,971,356,808 4,160,356,568 4 ,338,404,057 4,575,948,419 
5% High 
K; 1,651,104,000 1,665,392,400 1,678,887,000 1,694,763,000 
MAN 1,056,962,487 1,163,524,269 1,275,481 ,585 1,398,229,967 
1a'U 32,878 ,716 35,837,323 39,129 ,966 42,995,24 4 
1RADE 110,187,840 120,155,490 130,767,513 143,131,427 
FA: · 6,709 ,500 7,234,500 7,843,500 8,620,500 
GOY 962,663,414 990,351 ,143 998,245,578 1,046,527,484 
ro-1 62,781,250 66,946,250 71,417,500 76,868,750 
SEI1V 286,637,441 318,933,022 353,551,617 393 ,609,469 
Total 4 ,169,924,648 4,368,374,396 4 ,555,324 ,260 4,804,745,840 
10% High 
K; 1,729,728,000 1, 744 ,696 ,800 1, 758,834 ,000 1, 775,466,000 
MAN 1, 107,294,034 1,218,930 ,187 1,336 ,218 ,803 1,464,812,346 
1a'U . 34,444,369 37,543,862 40 ,993,298 45 ,042,636 
1RADE 11 5,434,880 125,877,180 136,994,538 149,947,209 
FA: 7,029,000 7,579,000 8,217,000 9,031 ,000 
GOY 1,008,504,529 1,037,510,721 1,045,781,081 1 ,096,362,126 
ro-1 65,770,833 70,134,167 74,818 ,333 80,529,167 
SEI1V 300,286,843 334,120,308 370,387,409 412,352,777 
Total 4,368,492,489 4,576,392,225 4 , 772,244,462 5,033 ,543,261 
5% Low 
K; 1,493,856,000 1,506, 783 ,600 1,518 ,993,000 1,533,357,000 
MAN 956,299,393 1,052, 712,434 1,154 ,007,148 1,265,065,208 
1a'U 29,747,409 32,424,244 35,403,303 38,900,458 
TRADE 99,693,760 108,712,110 118,313,464 129,499,862 
FA: 6,070,500 6 ,545,500 7,096,500 7,799,500 
GOY 870,981,184 896,031,986 903,174,570 946,858,200 
ro-1 56,802,083 60,570,417 64,615,833 69,547,917 
SEI1V 259,338,637 288,558,448 319,880,035 356,122,853 
Total 3 , 772,788,967 3,952,338, 74,0 4,121,483,854 4,347,150,998 
10% Low 
K; 1,415,232,000 1,427,479,200 1,439 ,046,000 1,452 ,654,000 
MAN 905,967,846 997,306,517 1,093,269,930 1,198,482,829 
1a'U 28,181 ,756 30,717,705 33 ,539,971 36,853,066 
TRADE 94,446,720 102,990,420 112,086,440 122,684 ,080 
FA: 5,751,000 6 ,201 ,000 6 ,723,000 7 ,389 ,000 
GOY 825,140,069 848,872,408 855,639 ,067 897,023 ,558 
ro-1 53,812,500 57,382,500 61 ,215 ,000 65,887,500 
SERV 245,689 ,235 273,371,161 303 ,044 ,243 337,379 ,545 
Total 3,574,221 , 127 3 ,744,320,911 3,904 ,563,651 4 ,118 ,353,577 
Norm 
5% High 
10% High 
5% Low 
10% low 
Norm 
5% High 
10% High 
5% Low 
10% low 
Industrial Demand In gallons 
1QQ5 2000 2005 
3,971,356 ,608 4,160,356,568 4,338,404,057 
4 ,169,924,648 4,368 ,374,396 4,555,324,260 
4,368,492,489 4 ,576,392,225 4,772,244,462 
3,772,788,967 3,952,338,740 4,121,483,854 
3 ,574,221,127 3 ,744 ,320,911 3,904,563,651 
Industrial Demand In acn~feet 
12,187.65 
12,797.03 
13,406.41 
11,578.26 
10,968.88 
Agricultural Irrigation 
3 77.1 00 acre feet 
12,767.67 13,314.07 
13,406.05 13,979.78 
14,044.43 14,645.48 
12,129.28 12,648.37 
11,490.90 11,982.67 
Livestock needs gaVday per year 
cattle 66629 1 2 291,835,020 
hogs 6924 3 7,581, 780 
sheep 7105 2,593,325 
Total. 302,010,125 
Physical FacUlties 
dairy farms 295 100 10,767,500 
135 
2010 
4,575,948,419 
4,804,745,840 
5 ,033,543,261 
4 ,347,150,998 
4 ,118,353,577 
14 ,043.07 
14,745.22 
15,447.38 
13,340.92 
12,638.76 
Extrapolation Stcllon 
Residential daltv oercao vear population lndustJial Totals Aarlcultural result In gallons result In acre-feet 
1995 scenario 1 297.98 1995 73504 3,971,356,808 123,191,189,725 135,157,146,033 414 ,782 
2000 2000 76054 4,160,358,688 123,191,189,725 135,623,494,356 416,213 
2005 2005 60464 4,338,404,057 123,191,189,725 138,281,191,711 418,232 
2010 2010 97964 4,575,948,419 123,191,189,725 138 ,422,108,560 424 ,802 
RosldenUal 
1995 scenario 2 
2000 
2005 
2010 
RosldenUal 
1 995 scenario 3 
2000 
2005 
2010 
daffy pereap year oooulatlon Industrial Totals Agricultural result In gallons result In acre-feet 
329 .77 1995 73504 3,971,356,808 123,191,189,725 136,009,944,833 417,399 
2000 76054 4,180,356,588 123,191,189,725 138,505,878,442 418,921 
2005 60484 4,336,404,057 123,191,189,725 137,214,740,941 421,097 
2010 97964 4 ,575,948,419 123,191,189,725 139,558,894,073 426,290 
daltv oercao vear population Industrial Totals Aorlcul tural result In gallons result In acre-lee! 
391.26 1995 73504 3 ,971,356,808 123,191,169,725 137,660,309,062 422,464 
2000 76054 4 ,160,356,568 123,191,189,725 138,213,497,090 424,162 
2005 60464 4,338,404,057 123,191,189,725 139,021,376,054 426,64 1 
2010 97964 4 ,575,948,419 123,191,189,725 141,758,251,667 435,040 
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Residential Water Demand Scenario 1 
Durbin Watson Test Section 
Year Population Forecast value Actual value Rt 
1960 18,731 3,547,964,324 2,950,600,000 597,364,324 
1961 19,000 3,567,413,290 2,810,000,000 757,413,290 
1962 19,200 3,581,873,487 3,100,000,000 481,873,487 
1963 19,900 3,632,484,178 3,387,070,000 245,414,178 
1964 20,300 3,661,404,573 2,987,529,000 673,875,573 
1965 20,500 3,675,864,770 3,180,500,000 495,364,770 
1966 21,000 3, 712,015,263 3,429,425,000 282,590,263 
1967 21,200 3,726,475,461 3,195,385,000 531,090,461 
1968 21,600 3,755,395,855 3,370,740,000 384,655,855 
1969 22,000 3, 784,316,250 3,376,208,000 408,108,250 
1970 22,600 3,827,696,842 4,054,371 ,000 -226,674,158 
1971 23,000 3,856,617,237 4,148,664,000 -292,046,763 
1972 23,500 3,892,767,730 4,339,189,000 -446,421,270 
1973 23,900 3,921,688,125 4,519,679,000 -597,990,875 
1974 24,200 3,943,378,421 4,492,970,000 -549,591,579 
1975 24,500 3,965,068,717 4,416,870,000 -451 ,801,283 
1976 24,800 3,986,759,013 4,630,704,000 -643,944,987 
1977 25,100 4,008,449,309 4,523,689,000 -515,239,691 
1978 25,972 4,071,495,770 4,802,424,000 -730,928,230 
1979 26,844 4,134,542,230 5,145,495,000 -1,010,952,770 
1980 30,736 4,415,937,671 5,343,993,000 -928,055,329 
1981 34,628 4,697,333,112 5,023,035,000 -325,701,888 
1982 34,628 4,697,333,112 4,655,915,000 41,418,112 
1983 34,628 4,697,333,112 4,777,134,000 -79,800,888 
1984 34,628 4,697,333,112 4,945,886,000 -248,552,888 
1985 34,814 4,710,781,095 4, 752,733,000 -41,951,905 
1986 35,000 4,724,229,079 4,627,617,000 96,612,079 
1987 35,000 4,724,229,079 4,156,365,000 567,864,079 
1988 41,550 5,197,800,542 4,953,077,000 244,723,542 
1989 42,550 5,270,101,529 4,550,419,000 719,682,529 
1990 44,760 5,429,886,710 4,868,283,000 561,603,710 
Residential Water Demand Scenario 1 
Durbin Watson Test Section 
(Rt- Rt-1)2' 
25,615,671,342,760,600 
75,922,182,837,096,100 
55,913,004,920,870,1 00 
183,579,166,770,986,000 
31 ,866,106,658,014,700 
45,272,990,655,410,400 
61 ,752,348,089,576,700 
21,443,093,621,602,800 
550,014,818,408,059 
402,948,705,392,316,000 
4,273,577,520,243,460 
23,831,488,285,480,900 
22,973,345,242,761 ,400 
2,342,491 ,857,640,160 
9,562,942,000,545,820 
36,919,202,969,591 ,700 
16,565,053,230,000,900 
46,521 ,546,070,007,000 
78,413,742,720,063,200 
6,871 ,985,672,777,040 
362,829,667,509,811 ,000 
134,777,094,400,000,000 
•14,694,045,961,000,000 
28,477,237,504,000,000 
42,683,966,402,929,400 
19,199,977,536,642,700 
222,078,447,504,000,000 
104,419,806,234,759,000 
225,586,039,157,544,000 
24,988,913,059,442,000 
(Rt)2 Durbin - Watson value 
356,844,135,935,967,000 0.28 
573,674,891,482,115,000 
232,202,057,577,725,000 average error 
60,228,118,704,269,700 
454,108,287,355,075,000 
245,386,255,326,701,000 
79,857,256,955,708,800 
282,057,077,489,722,000 
147,960,127,145,177,000 
166,552,343,876,144,000 
51 ,381 '173,776,511 ,200 
85,291,311,772,965,200 
199,291,949,935,124,000 
357,593,086,410,326,000 
302,050,903,499,437,000 
204,124,399,1 08,673,000 
414,665,145,922,789,000 
265,471,938,847,765,000 
534,256,077,662,484,000 
1,022,025,502,499,970,000 
861,286,693,646,950,000 
106,081,720,035,928,000 
1,715,459,977,589,420 
6,368,181,771,935,910 
61 '778,538,277,497,000 
1 '759,962,311 ,529,420 
9,333,893,771,073,900 
322,469,611 ,997,347,000 
59,889,612,230,190,300 
517,942,942,933,791 ,000 
315,398,727,234,1 53,000 
525,960,942 
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Residential Water Demand Scenario 1 
First Differences 
Population Water Use forecast 
269 -140600000 17,403,283 
200 290000000 12,041,329 
700 287070000 50,896,068 
400 -399541000 27,583,224 
200 192971000 12,041,329 
500 248925000 35,354,172 
200 -234040000 12,041,329 
400 175355000 27,583,224 
400 5468000 27,583,224 
600 6781 63000 43,125,120 
400 94293000 27,583,224 
500 190525000 35,354,172 
400 180490000 27,583,224 
300 -26709000 19,812,277 
300 -76100000 19,812,277 
300 213834000 19,812,277 
300 -107015000 19,812,277 
872 278735000 64,262,098 
872 343071000 64,262,098 
3892 198498000 298,944,722 
3892 -320958000 298,944,722 
0 -367120000 -3,500,567 
0 121219000 -3,500,567 
0 168752000 -3,500,567 
186 -193153000 10,953,396 
186 -125116000 10,953,396 
0 -471252000 -3,500,567 
6550 796712000 505,496,514 
1000 -402658000 74,208,911 
2210 317864000 168,237,380 
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Residential Water Demand Scenario 1 
Durbin Watson Test Section for First Differences Values 
Year Population Forecast value Actual value Rt 
1960 269 17,403,283 -140,600,000 158,003,283 
1961 200 12,041,329 290,000,000 -277,958,671 
1962 700 50,896,068 287,070,000 -236,173,932 
1963 400 27,583,224 -399,541,000 427,124,224 
1964 200 12,041,329 192,971,000 -180,929,~71 
1965 500 35,354,172 248,925,000 -213,570,828 
1966 200 12,041,329 -234,040,000 246,081,329 
1967 400 27,583,224 175,355,000 -147,771,776 
1968 400 27,583,224 5,468,000 22,115,224 
1969 600 43,125,120 678,163,000 -635,037,880 
1970 400 27,583,224 94,293,000 -66,709,776 
1971 500 35,354,172 190,525,000 -155,170,828 
1972 400 27,583,224 180,490,000 -152,906,776 
1973 300 19,812,277 -26,709,000 46,521,277 
1974 300 19,812,277 -76,100,000 95,912,277 
1975 300 19,812,277 213,834,000 -194,021,723 
1976 300 19,812,277 -107,015,000 126,827,277 
1977 872 64,262,098 278,735,000 -214,472,902 
1978 872 64,262,098 343,071,000 -278:808,902 
1979 3,892 298,944,722 198,498,000 100,446,722 
1980 3,892 298,944,722 -320,958,000 619,902,722 
1981 0 -3,500,567 -367,120,000 363,619,433 
1982 0 -3,500,567 121 ,219,000 -124,719,567 
1983 0 -3,500,567 168,752,000 -172,252,567 
1984 186 10,953,396 -193,153,000 204,106,396 
1985 186 10,953,396 -125,116,000 136,069,396 
1986 0 -3,500,567 -471,252,000 467,751,433 
1987 6,550 505,496,514 796,712,000 -291 ,215,486 
1988 1,000 74,208,911 -402,658,000 476,866,911 
1989 2,210 168,237,380 317,864,000 -149,626,620 
Residential Water Demand Scenario 1 
Durbin Watson Test Section for First Differences Values 
(Rt- Rt-1)2' 
190.062,825,321,602,000 
1,745,964,414,547,600 
439,964,444,537,057,000 
369,729,539,961,609,000 
1,065,445,103,600,080 
211,280,105,058,784,000 
155,120,267,840,806,000 
28,861,592,769,000,000 
431,850,202,614,697,000 
322,996,834,244,099,000 
7,825,357,755,802,080 
5,125,932,350,785 
39,771,548,003,093,200 
2,439,470,881,000,000 
84,061,724,356,000,000 
102,944,080,801,000,000 
116,485,811,889,795,000 
4,139,120,896,000,000 
143,834,828,070,383,000 
269,834,535,936,000,000 
65,681,123,960,469,400 
238,474,978,921,000,000 
2,259,386,089,000,000 
141,646,068,965,372,000 
4,629,033,369,000,000 
110,012,973,725,809,000 
576,030,783,990,838,000 
589,950,568,479,939,000 
392,494,145,116,364,000 
22,388,125,514,946,900 
(Rt)2 Durbin - Watson value 
24,965,037,376,219,100 2.17 
77,261,022,885,280,300 
55,778,126,235,260,200 average error 
182,435,103,089,761,000 278,750,366 
32,735,545,914,037,800 
45,612,498,475,670,000 
60 ,556,020,392,817,500 
21,836,497,656,898,600 
489,083,151,321,665 
403,273,1 08,996,881,000 
4,450,194,157,406,990 
24,077,985,791 ,776,600 
23,380,482,017,064,600 
2,164,229,178,443,830 
9,199,164,806,615,450 
37,644,429,142,972,900 
16,085,158,095,089,400 
45,998,625,669,111,100 
77,734,403,804,298,600 
10,089,543,901,155,200 
384,279,384,376,486,000 
132,219,092,209,408,000 
15,554,970,339,789,200 
29,670,946,765,058,300 
41 ,659,420,939,360,200 
18,514,880,561,972,000 
218,791,403,271,869,000 
84,806,459,106,913,600 
227,402,051,037,382,000 
22,388,125,514,946,900 
141 
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Residential Water Demand Scenario 2 
Durbin -Watson Test Section 
Year Population Forecast value Actual value Rt 
1960 18,731 3,224,802 2,950,600 274,202 
1961 19,000 3,257,484 2,810,000 447,484 
1962 19,200 3,281,783 3,100,000 181,783 
1963 19,900 3,366,828 3,387,070 -20,242 
1964 21,346 3,542,509 3,032,779 509,730 
1965 21,576 3,570,452 3,235,600 334,852 
1966 22,149 3,640,069 3,569,425 70,644 
1967 22,387 3,668,984 3,246,469 422,515 
1968 22,868 3,727,423 3,434,494 292,929 
1969 23,358 3,786,955 3,451,867 335,088 
1970 24,005 3,865,561 4,126,388 -260,827 
1971 24,516 3,927,645 4,227,499 -299,854 
1972 25,157 4,005,523 4,425,979 -420,456 
1973 25,595 4,058,737 4,610,952 -552,215 
1974 25,964 4,103,568 4,605,500 -501,932 
1975 26,405 4,157,147 4,599,193 -442,046 
1976 26,857 4,212,062 4,805,133 -593,071 
1977 25,100 3,998,597 4,700,994 -702,397 
1978 14,322 2,689,135 2,152,319 536,816 
1979 44,897 6,403,814 7,615,173 -1,211,359 
1980 16,366 2,937,469 2,493,360 444,109 
1981 55,003 7,631,633 8,262,270 -630,637 
1982 50,432 7,076,284 6,049,160 1,027,124 
1983 16,907 3,003,197 2,745,087 258,110 
1984 51,948 7,260,469 7,294,060 -33,591 
1985 20,713 3,465,603 3,960,547 -494,944 
1986 49,090 6,913,239 7,121,674 -208,435 
1987 53,920 7,500,055 7,012,858 487,197 
1988 66,034 8,971,834 10,149,464 -1,177,630 
1989 64,623 8,800,405 7,899,015 901,390 
1990 67,889 9,197,205 8,171,542 1,025,663 
Residential Water Demand Scenario 2 
(Rt- Rt-1)2' 
30,026,613,713 
70,597,125,746 
40,813,772,236 
280,869,632,170 
30,582,096,571 
69,806,357,406 
123,813,606,232 
16,792,629,167 
1,777,387,092 
355,113,936,634 
1,523,150,182 
14,544,923,045 
17,360,333,951 
2,528,409,527 
3,586,316,471 
22,808,461 ,149 
11,952,172,088 
1,535,647,550,134 
3,056,113,709,286 
2,740,571,539,323 
1,155,078,144,425 
2,748,171,011 ,816 
591 ,382,471,360 
85,089,536,380 
212,846,275,733 
82,087,266,524 
483,904,029,608 
2,771,650,482,959 
4,322,328,070,237 
15,443,645,177 
1,051 ,984,460,981 
(Rt)2 Durbin-Watson Test 
75,186,731,437 2.14 
200,241 ,823,855 
33,044,944,476 
409,718,423 
259,824,517,768 
112,126,178,016 
4,990,510,373 
178,519,027,292 
85,807,248,794 
112,283,842,063 
68,030,493,230 
89,912,489,952 
176,783,625,319 
304,941,482,212 
251 ,935,507,842 
195,404,590,131 
351,732,757,725 
493,360,994,671 
288,171,271 ,769 
1,467,389,486,601 
197,232,481 ,591 
397,703,002,211 
1,054,983,426,752 
66,620,720,995 
1,128,369,184 
244,969,430,191 
43,445,195,493 
237,360,913,845 
1,386,813,515,540 
812,504,786,339 
1,051,984,460,981 
143 
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Residential Water Demand Scenario 3 
Durbin- Watson Test Section 
Year Population Forecast value Actual value Rt 
1964 1046 -15,152,763 45,250,000 -60,402,763 
1965 1076 -10,080,599 55,100,000 -65,180,599 
1966 1149 2,261,667 140,000,000 -137,738,333 
1967 1187 8,686,408 51,084,000 -42,397,592 
1968 1268 22,381,251 63,754,000 -41,372,749 
1969 1358 37,597,743 75,659,000 -38,061 ,257 
1970 1405 45,544,133 72,017,000 -26,472,867 
1971 1516 64,311,140 78,835,000 -14,523,860 
1972 1657 88,150,311 86,790,000 1,360,311 
1973 1695 94,575,052 91 ,273,000 3,302,052 
1974 1764 106,241 ,030 112,530,000 -6,288,970 
1975 1905 130,080,201 182,323,000 -52,242,799 
1976 2057 155779165.3 174,429,000 -18,649,835 
1977 2100 163049267.2 177,305,000 -14,255,733 
1979 18,053 2,229,448,903 2,469,678,000 2,229,448,903 
1980 16,366 2,860,257,039 2,493,360,000 2,860,257,039 
1981 20,375 2,575,032,347 3,239,235,000 2,575,032,347 
1982 15,804 3,252,842,537 1 ,393,245,000 3,252,842,537 
1983 16,907 2,480,013,807 2,745,087,000 2,480,013,807 
1984 17,320 2,666,500,372 2,348,174,000 2,666,500,372 
1985 20,713 2,736,327,164 3,960,547,000 2, 736,327,164 
1986 14,090 3,309,988,918 2,494,057,000 3,309,988,918 
1987 18,920 2,190,224,167 2,856,493,000 2,190,224,167 
1988 24,484 3,006,842,580 5,196,457,000 3,006,842,580 
1989 22,073 3,947,559,940 3,348,596,000 3,947,559,940 
1990 23,129 3,539,927,022 3,303,259,000 3,539,927,022 
Residential Water Demand Scenario 3 
Durbin- Watson Test Section 
(Rt- Rt-1)2' 
22,827,716,325,428 
5,264,624,782,790,030 
9,089,856,920,220,740 
1,050,303,064,403 
10,965,980,342,027 
134,290,790,938,885 
142,778,768,294,794 
252,306,890,089,217 
3,770,358,636,362 
91 ,987,715,960,961 
2,111,754,394,750,530 
1,128,487,266,655,680 
19,308,130,725,017 
5,034,210,492,090,780,000 
397,918,904,697,997,000 
81,353,124,914,250,000 
459,426,653,356,009,000 
597,264,245,477,187,000 
34,777,238,947,016,300 
4,875,780,854,780,530 
329,087,808,604,357,000 
1,253,873,097,630,990,000 
666,865,631,991 ,090,000 
884,949,151,236,485,000 
166,164,595,689,436,000 
12,531,083,323,003,000,000 
(Rt)2 
3,648,493,812,465,280 
4,248,510,516,093,960 
18,971,848,478,375,600 
1, 797,555,826,943,230 
1,711,704,383,339,960 
1,448,659,293,693,440 
700,812,675,038,881 
210,942,502,617,163 
1,850,446,790,926 
10,903,550,183,303 
39,551 ,146,876,054 
2,729,310,068,366,410 
347,816,332,847,497 
203,225,919,065,060 
4,970,442,410,253,250,000 
8,181 ,070,329,230,860,000 
6,630,791,588,280,530,000 
10,580,984,569,252,800,000 
6,150,468,483,346,960,000 
7,110,224,234,652,940,000 
7,487,486,348,213,510.000 
10,956,026,640,477,200,000 
4,797,081,903,728,900,000 
9,041,102,301 ,979,440,000 
15,583,229,480,599,900,000 
12,531,083,323,003,000,000 
Durbin-Watson Value 
0.22 
145 
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Residential Water Demand Scenario 3 
Check for Standard Deviation and Confidence Intervals 
Year Population forecast water use actual-forecast use ave. pop 
1964 1,046 -15,152,763 45,250,000 3,648,493,812,465,280 -8,722 
1965 1,076 -10,080,599 55,100,000 4,248,510,516,093,960 -8,692 
1966 1,149 2,261,667 140,000,000 18,971,848,478,375,600 -8,619 
1967 1,187 8,686,408 51,0S4,000 1,797,555,826,943,230 -8,5!!1 
1968 1,268 22,381,251 63,754,000 1, 711,704,383,339,960 -8,500 
1969 1,358 37,597,743 75,659,000 1,448,659,293,693,440 -8,410 
1970 1,405 45,544,133 72,017,000 700,812,675,038,881 -8,363 
1971 1,516 64,311 ,140 78,835,000 21 0,942,502,617,163 -8,252 
1972 1,657 88,150,311 86,790,000 1,850,446,790,926 -8,111 
1973 1,695 94,575,052 91,273,000 10,903,550,183,303 -8,073 
1974 1,764 106,241,030 112,530,000 39,551,146,876,054 -8,004 
1975 1,905 130,080,201 182,323,000 2,729,310,068,366,410 -7,863 
1976 2,057 155,n9,165 174,429,000 347,816,332,847,497 -7,711 
19n 2,100 163,049,267 1n,3o5,ooo 203,225,919,065,060 -7,668 
1979 14,322 1,895,876,182 2,152,319,000 65,762,918,679,196,700 4,554 
1980 18,053 2,n9,754.294 2,469,678,000 96,'147,308,006,809,1 00 8,285 
1981 16,366 2,380,102,090 2,493,360,000 12,827,354,262,018,000 6,598 
1982 20,375 3,329,838,715 3,239,235,000 8,209,033,141,644,510 10,607 
1983 15,804 2,246,963,655 1,393,245,000 728,835,542,344,063,000 6,036 
1984 16,907 2,508,265,600 2,745,087,000 56,084,375,361,854,400 7,139 
1985 17,320 2,606,105,766 2,348,174,000 66,528,796,152,280,300 7,552 
1986 20,713 3,409,911 ,296 3,960,547,000 303,199,678,128,518,000 10,945 
1987 14,090 1,840,915,121 2,494,057,000 426,594,314,671,719,000 4,322 
1988 18,920 2,985,147,572 2,856,493,000 16,551 ,999,021,307,200 9,152 
1989 24,484 4,303,265,453 5,196,457,000 797,791,139,782,011,000 14,716 
1990 22,073 3,732,096,831 3,348,596,000 147,072,887,739,148,000 12,305 
1991 23,129 3,982,264,423 3,303,259,000 461,048,365,066,11 0,000 13,361 
9,768 38,000,507,000 
147 
Residential Water Demand Scenario 3 
First Differences 
Pop. Water Use Forecast 
30 9850000 -63379455.89 
73 84900000 -53476971.79 
38 -88916000 -61537133.27 
81 12670000 -51634649.17 
90 11905000 -49562036.22 
47 -3642000 -59464520.32 
111 6818000 -44725939.34 
141 7955000 -37817229.5 
38 4483000 -01537133.27 
69 21257000 -54398133.11 
141 69793000 -37817229.5 
152 -7894000 -35284035.9 
43 2876000 -60385681.63 
12222 1975014000 2744320221 
3731 317359000 78892504 7.3 
-1687 23682000 -458787948.7 
4009 745875000 852945758.4 
-4571 -1845990000 -1122945254 
1103 1351842000 183722065.8 
413 -396913000 24821739.66 
3393 1612373000 711086916.5 
-0623 -1466490000 -1595501007 
4830 362436000 1042014118 
5564 2339964000 1211047218 
-2411 -1847861000 -625518146.1 
1056 -45337000 172898420.4 
148 
Residential Water Demand Scenario 3 
Durbin Watson Test Section for First Differences values 
Year Population Forecast value Actual value Rt 
1964 30 -63,379,456 9,850,000 -73,229,456 
1965 73 -53,476,972 84,900,000 -138,376,972 
1966 38 -61,537,133 -88,916,000 27,378,867 
1967 81 -51 ,634,649 12,670,000 -64,304,649 
1968 90 -49,562,036 11 ,905,000 -61,467,036 
1969 47 -59,464,520 -3,642,000 -55,822,520 
1970 111 -44,725,939 6,818,000 -51,543,939 
1971 141 -37,817,230 7,955,000 -45,n2,23o 
1972 38 -61,537,133 4,483,000 -66,020,133 
1973 69 -54,398,133 21,257,000 -75,655,133 
1974 141 -37,817,230 69,793,000 -107,610,230 
1975 152 -35,284,036 -7,894,000 -27,390,036 
1976 43 -60385681-63 2,876,000 -63,261 ,682 
19n 12222 2744320221 1,975,014,000 769,306,221 
1979 3,731 788,925,047 317,359,000 788,925,047 
1980 -1,687 -458,787,949 23,682,000 -458,787,949 
1981 4,009 852,945,758 745,875,000 852,945,758 
1982 -4,571 -1,122,945,254 -1,845,990,000 -1 '122,945,254 
1983 1,103 183,722,066 1 ,351,842,000 183,722,066 
1984 413 24,821,740 -396,913,000 24,821,740 
1985 3,393 711 ,086,917 1,612,373,000 711,086,917 
1986 -6,623 -1,595,501 ,007 -1 ,466,490,000 -1 ,595,501 ,007 
1987 4,830 1,042,014,118 362,436,000 1,042,014,118 
1988 5,564 1,211,047,218 2,339,964,000 1,211,047,218 
1989 -2,411 -625,518,146 -1,847,861,000 -625,518,146 
1990 1,056 172,898,420 -45,337,000 172,898,420 
Durbin-Watson value 
2.78 
Residential Water Demand Scenario 3 
Durbin Watson Test Section for First Differences values 
(Rt • Rt-1}2' 
4,244,198,828,538,210 
27,474,998,005,785,000 
8,405,867,088,626,370 
8,052,047,255,160 
31,860,559,797,118 
18,306,255,195,757 
33,312,634,408,009 
409,977,606,813,319 
92,833,221,881 ,912 
1 ,021,128,185,829,480 
6,435,279,462,152,630 
1,286,774,967,395,620 
693, 1. 69,311,907,454,000 
384,898,359,017,866 
1,556,787,720,442,780,000 
1, 720,645,318,475,390,000 
3,904,145,293,384,590,000 
1, 707,379,484,996,880,000 
. 25,249,313,660,820,200 
470,959,892,950,111,000 
5,320,347,847,674,400,000 
6,956,486,030,896,880,000 
28,572,189,100,291,500 
3,372,972,337,007,360,000 
637,469,013,635,737,000 
29,893,863,788,402,200 
26,473,925,105,143,800,000 
{RI)2 
5,362,553,209,892,550 
19' 148,186,322,939,500 
749,602,343,570,447 
4,135,087,905,111,050 
3, 778,196,541,869,760 
3, 116,153,774,545,570 
2,656,777,682,459,980 
2,095,096,993,748,650 
4,358,657,996,623,610 
5,723,699,165,199,660 
11 ,579,961,493,860,800 
750,214,066,493,592 
4,002,040,362,432,090 
591,832,061,133,997,000 
622,402,730,256,382,000 
21 0,486,381,893,293,000 
727,516,466,820,159,000 
1,261,006,043,703,460,000 
33,753,797,476,563,000 
616,118,759,644,11 0 
505,644,602,821 ,601,000 
2,545,623,462,525,230,000 
1,085,793,421,177,640,000 
1,466,635,364,606,860,000 
391,272,951,038,160,000 
29,893,863,788,402,200 
9,539,933,493,860,150,000 
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APPENDIX E 
Bear River Development Act 
Utah Code Unannotated § 73 - 26 - 101 
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S. B. No. 98 
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LEGISLATIVE GENERAL COUNSEL 
S. B. No. 98 
Approved for Filing ..J.t:!lL 
Date 01 -21 -91 4:06PM 
(BEAR RIVER WATER DEVELOPMENT AND ALLOCATION) 
1991 
GENERAL SESSION 
By Fred W Fnljnspn 
11 AN ACT RELATING TO WATER; DIRECTING THE DIVISION OF WATER RESOURCES TO 
12 DEVELOP THE BEAR RIVER; ALLOCATING DEVELOPED WATERS TO VARIOUS 
13 ENTITIES; AUTHORIZING PROJECTS; APPORTIONING COSTS; AND 
14 APPROPRIATING $10,000,000 IN FISCAL YEAR 1990-91 FROM THE GENERAL 
15 FUND FOR FUTURE DEVELOPMENT. 
16 THIS ACT AFFECTS SECTIONS OF UTAH CODE ANNOTATED 1953 AS FOLLOWS: 
17 AMENDS: 
18 63~0-5, AS LAST AMENDED BY CHAPTER 82, LAWS OF UTAH 1985 
19 ENACTS: 
20 73-26-101, UTAH CODE ANNOTATED 1953 
21 73-26-102, UTAH CODE ANNOTATED 1953 
22 73-26-103, UTAH CODE ANNOTATED 1953 
23 73-26-104, UTAH CODE ANNOTATED 1953 
24 73·26-105, UTAH CODE ANNOTATED 1953 
25 73·26-106, UTAH CODE ANNOTATED 1953 
26 73-26-107, UTAH CODE ANNOTATED 1953 
27 73-26-201, UTAH CODE ANNOTATED 1953 
28 73·26-202, UTAH CODE ANNOTATED 1953 
29 73-26-203, UTAH CODE ANNOTATED 1953 
S. B. No. 98 
73-26-301 , UTAH CODE ANNOTATED 1953 
2 73-26-302, UTAH CODE ANNOTATED 1953 
3 73-26-401, UTAH CODE ANNOTATED 1953 
4 73-26-402, UTAH CODE ANNOTATED 1953 
5 73-26-403, UTAH CODE ANNOTATED 1953 
6 73-26-404, UTAH CODE ANNOTATED 1953 
7 73-26-501, UTAH CODE ANNOTATED 1953 
8 73-26-502, UTAH CODE ANNOTATED 1953 
9 73-26-503, UTAH CODE ANNOTATED 1953 
10 73-26-504, UTAH CODE ANNOTATED 1953 
11 73-26-505, UTAH CODE ANNOTATED 1953 
12 73-26-506, UTAH CODE ANNOTATED 1953 
13 73-26-507, UTAH CODE ANNOTATED 1953 
14 
15 
Be it enacted by the LenjslaUJm of the state of lffah· 
Section 1. Section 63·30·5, Utah Code Annotated 
16 amended by Chapter 82,Laws ot U1ah 1985, Is amended to read: 
17 63-30·5. Waiver of Immunity as to contractual obligatiOns. 
152 
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1953, as last 
18 Ul Immunity from suit of all governmental entitles Is waived as to 
19 any contractual obligation. Actions arising out of contractual rights or 
20 obligations shall not be subJect to the requirements of Sections 
21 63-30-11, 63-30·12, 63-30-13, 63-30·14, 63-30-15, or 63-30-19. 
22 121 Ngtw!fhstandiog Subsecflon 11\ the Qiylslon of Water Resources 
23 Is not llab!A fpr faUure to del!yer water fmm a reservoir or assndated 
24 facility authorfl;ed by Chapter 26 Ijt!e 73 Bear Biyer Oeyelonmeat Apt 
25 If the failure to dellyer the cgntractual amgunt of water IS due to 
2 
153 
S.B.No. 98 01 -21-91 4:06 PM 
drought other natural cgnditjpn or safety coodjtjgo that causes 
2 def~ejeocy jn the amqunt of ayai!abJe wafer 
3 
4 
Section 2. Section 73-26-101, Utah Code Annotated 1953, is 
to read: 
5 73-26-101 Short title. 
6 Ihfs Manter ts kOOWIJ as fhe "Bear Bjver Qeyelopment Act • 
enacted 
7 Section 3. Section 73-26-102, Utah Code Annotated 1953, Is enacted 
6 to read: 
9 Part 1. State to Develop the Bear River 
10 73-26-102 Rndings. 
11 Ill The I entslaft•m finds that · 
12 Cal the Board of Water Aesgurces has sign ificant filjogs for water 
13 of the Bear Rjyer that could be deyelpped· 
14 Cb\ the continued growth and prosperjty of communjtjes in the Bear 
15 Rjyer Basjn and the Wasatch Front wm be enhanced by the development and 
16 utiljzat!on of the Rear Bfyer one of the last maJor sources of 
17 deyelonablfl water fa the state· and 
18 tel Bear B fyer water deyeloped by the state should be apoortlgned In 
19 an oot•Hahffl manoortaklrin lnfp ronstderatiqn· 
20 (!\ the Increasing watar needs of tho stato's growing urban 
2 I llllllllla1I2D: an!1 
22 ljD preservation of flrt1tm S'IQQfies tor areas· 
23 CAl where the wafer oMtnates· or 
24 CBl that are adiacent to the water and can be ponyenjently 5"Qplled 
25 bx..il. 
3 
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(2) Therefore it rs the ptuoose of thjs chapter to · 
Cal djcect the p!ylslon of Water Resources to deyelop the surface 
3 waters of the Bear River and ItS frjbutqrles covered by filings of the 
4 bgard filings acgul[ftd from the Bureau of Reclamation gr new ~ 
5 as appmyed by fhe state eooineec 
6 lb) allocate tho devaloped waters among varfgus regions and 
7 ent[tjes· and 
8 tel pmyjde pmtectkln for extstloo Mttts 
9 Section 4. Section 73-26-103, Utah Code Annotated 1953, Is enacted 
10 to read: 
11 73-26-103 Definitions. 
12 111 "Board" means tbe Board of Water Resources 
13 12\ •constmctJon costs• means all costs related to the deyelopment 
14 of a orglect except the costs of enylronmeotal mjtjgatlon Construction 
15 costs lnchrde· 
16 tal plann!oo· 
17 (b) eoojneertoo and legal work 
18 (c) nemjttjoo· 
19 ld\ aoortfsHion of land and Mttts.qt-way· 
2D (e) rebuilding and relocation of highways or gther fapllft!es 
21 affected by the pmlect· 
22 m compensatk)n for iapainnern of extstjoo wafer riQhts • 
23 lgl constructfgn gf the dam reservplr and asspc!ated facWtfes· 
24 aru:1 
25 lhl exnenses of the s:fryjsion mlafed to fbe proJect 
4 
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(3) ·peyeloped waters• means water deyeloped by prolects authorjzed 
2 ''nder fhls chanter 
3 l4l j)iVjsKm• means the Oivjsi<>o of Water BA:iQ!l[IfAS 
4 (5) •fnvlroomental mitigation costs• means actions taken to 
5 pompensate for unayoldable adyerse Impacts tg the natural enyimnment as 
6 may be required by fedemt state or Inca! ooyemmeot aoeocles 
7 16\ •rmlect cgsts• Include construction costs enylmomental 
8 mjtjgatlon posts and costs of operatjnn maintenance repair and 
9 replacement 
10 Section 5. Section 73-26-104, U1ah Code Annota1ed 1953,15 enacted 
11 
12 
to read: 
73-26-104 Bear River development projec:ts. 
13 (1) The division shall· 
14 
15 
16 
(a\ deyelop the surface waters of the 
1b.ra.u.gh the plannjog and construct!gn 
tacun;es as arrthndzed and t.mded by thfl t eglsiM,m· 
17 lbl QWD and goerate the tacilitjes consJnped· and 
18 (c) mar1set the deye!oped waters 
19 C2\ potential proJects lnd!K'fA· 
20 (a) HnMWjDe· 
21 lbl Bamms· 
22 .ls<l...Alam; 
23 M Mjll Creek· 
24 tel Oneida Narrows· and 
25 (f) North Eden Creek 
5 
Bear Rlyer and lfs tributaries 
of reservoirs and associated 
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131 The djyjsjon may deyelnp sites other than those listed In 
2 Subsection C2l If thpse prolegts are authorized and funded by the 
3 Leoislature 
4 Section 6. Section 73-26-1 05, Utah Code Annotated 1953, Is enacted 
5 to read: 
6 73-26-105 TransmissiOn and traatment facilities. 
7 Eotltlos pqrghaslng deyeloped water shall deyelop any facilities 
8 necessary for the tmnsmJssion or treatment gf the water 
9 SecUon 7. Section 73-26-106, Utah Code Annotated 1953, Is enacted 
10 to read: 
It 73-26-1 06 Participation of the federal government and other 
12 states. 
13 UJ.. The djyisloo may allow the federal gpyeromeot or the states gf 
14 Idaho or Wvomlng tp participate In proJect authorized under this 
16 C2\ Any nartlplnaf!ng entltv shall pay for all nrolopt costs 
17 reomgmted by tts :;hare of thA pmted 
18 Section 8. Section 73-26-107, Utah Cote Annotated 1953, Is enacted 
19 to read: 
2ll 73-26-1 07 Development of hydropower generating works- Power 
21 offered to public utilities or municipalities. 
22 (1 l In association wfth a proJect authorized under this chapter the 
23 dMs!on mav: 
24 Ia\ ponstrugt own and operate hydroalgctrlc generating works and 
25 !rK*1emal electrical tapTrtjes· or 
6 
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Cbl enter jato an agreement with a pub!jc utjljty or mqnjcjpaljty 
2 for the dayelopment and operatjon of hvdmelectrjc generating works and 
3 !ncidenfaJ electrical tacU(tjes 
4 (2\ Ppwer and tmemy declyed trgm any hydroelectric generating worJss 
5 owned by tho dlylston «urcent fpc ngwee and enemy needed fpc pmlect 
6 operatipns must he . offered to public utilities or mqnlclpalitles In the 
7 state tor rnstnbutjnn m elftdrkj OOD$f1Dlftf$ 
8 Section 9. Section 73-26-201, Utah Code Annotated 1953, is enacted 
9 to read: 
10 Part 2. Allocation of Developed Waters 
11 73-26-201 EntHies eligible to receive developed water -
12 Prohibition on selling or leasing water outside entity boundaries. 
13 C1\ Water deyeloped by prolects authorized under thiS chapter shall 
14 be made ayaJ!abl e exc!us!yely to the following entities for use withjn 
15 thejr borJodaries· 
16 tal the Bear Bjver Wafer Consenroocy Qisfrjd· 
17 (b) !hi! Satt l.afm Cnunty Water Conservancy Q;strirl· 
18 (cl thA Wttber Basin Water Cornervancy DiSfrid· and 
19 Cdl munlqlpaiJtles and Boy water conservancy d!strlqt In Cache 
20 .Qlu.!llx. 
21 C2\ A mnservaocy ru:;tdd that pumhases or leases developed water 
22 may sell or lease the water to any nerson loqtted· 
23 Cal wbhjn the bouncfartes of the conseooux;y tfistrict· or 
24 fbl otrts!de the hrM•Maries of tho coo:;ervancv rustrict· 
25 CQ b!d within any COIJO'Y 5eryed by the COOSAMJDcy djsfrid• or 
7 
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Wl joJo an adjacent state subjec t to s tate taw and approyal by the 
2 state eoojneer 
3 C3l A munjcjpaljty that purchases or lea ses deyeloped water may sell 
4 or lease fhe water tg any oorson kK1JfM· 
5 Cal within thA bt)r•odadw m thft f!l!'"marrrv· pr 
6 (b) osrtsidft tho MtrodariAs gtthA mrnicloaftty· 
7 It\ but wjthin tho pounty In whjqh the munjdpamy IS located · or 
8 (jjl Into a stattt adJacent tg the cpunfy In which the munlplpa!jty 
9 is located $' •hied tp state taw and aoorpval by the state eoojneer 
10 C4l A municipality gr conservancy djstrjct that purphases or leases 
11 d e ye !oped water may 11$A the water djrect!y pr by exphange In apro(('aOce 
12 wijh Section 73-3-20 
13 Section 10. Section 73-26-202, Utah Cote Annotated 1953, Is enacted 
14 to read: 
15 73-26-202 Limits on amount of water available to any entity or 
16 area - Exception. 
17 (1) Except as nroyided In Subsectjon (21 the total amount of water 
18 from proJects authorized under this f(hapter that may be made available to 
19 any errtfty or area ts lmfted as tollow:r 
20 la\ The SaH I eke County Water Conservancy District and Weber Basra 
21 Water Conservanev PJstrfd each may purchase or lease no more than 50 000 
22 acre-teet a \lflar 
23 (b) The Bear River Water Conservancy District may purchase or lease 
24 oo DJlre than 60 000 iiQJtfftet a year 
8 
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tel The total amount of deye!oped waters purchased or leased by 
2 ffi!JOjdpa!jtiA$ and watercooseryaocy d.l..s.1!lkls..ln_~  m...a..y_ llQ1 
3 exceed 60 000 acre-teet a year 
4 C2l An entity gr area may purchase or lease water In excess of the 
5 limjts specified In Subsection II\ go a temporarv basis If water Is 
6 ayaHahle from a nm!ect and on other entity eligible to recelye water 
7 has offered to pt@asa or tease tt 
8 Section 11 . Section 73-26-203, Utah Code Anno1ated 1953, Is enacted 
9 to read: 
10 73-26-203 Time period for submission of offers to purchase or 
11 lease water - Oversubscription of water - Allocation procedure. 
12 (1\ When proJect apthnr!zed under this ghapter Is yoder 
13 development the djylsinn shall establish a period of tjme during which 
14 the entitles specified In Section 73-26-201 may offer to purcha s e or 
15 lease water developed by the pmlecf 
16 (2) fa\ It In the time period established under Subsection f1 \ the 
17 djv!slon recelyes otters tp purghase gr lease more water than can be made 
16 aya!lab!A fhrgpph fhA pm!ect fhA bgard Shalf aJ!gcate fhA water groonp 
19 the interested Q!rrphasers 
20 (b\ In cteterrolofng the al!ogttions thfl Mard· 
21 Ill $hftl! qlye nrlorlty tg municipal and Industrial water needs oyer 
22 al!otbgrWflferJJSftS" arx1 
23 (lfjl may prpMrfjomttg!v reduce each Qffer 
24 Section 12. Section 73-26-301 , Utah Code Annotated 1953, Is enacted 
25 to read: 
9 
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Part 3. Authorized ProJects 
73-26-301 Honeyville, Barrens, and Avon reservoirs authorized 
3 work subJect to legislative appropriations. 
4 The diyislnn IS authorized to deyelop the Honeyyille Barrens and 
5 Ayoo reservoirs and associated wgcks lnc!qdlng an Interconnection frgm 
6 Honewllle Reservoir to WJI!ard Reservoir and shall nroceed with design 
7 work enylronmental assessments acquisition of land and rights-of-way 
8 and oooSfntCijon 511biACf to · 
9 (1 l the appropriation of funds for those purposes by the 
10 I eqlslrttum· and 
11 l2l fulfillment of the reoujrement specified In Sectinn 73-2fh302 
12 Section. ·13. Section 73-26-302, Utah Cote Annotated 1953, Is enacted 
13 loread: 
14 73-26-302 Construction contingent upon sale or lease of water. 
15 The dlyfsloo may not begin constructfon of any prglect until 
16 contracts haye been made for the sale or lease of ZOo/? gr mgre of the 
17 deye!oped water 
18 Section 14. Section 73-26-401, Utah Code Annotated 1953,is enacted 
19 
20 
to read: 
Part 4. General Provisions 
21 73-26-401 Powers of division. 
22 Tbe cfiVjskm may; 
23 (1 l enter lntp cpntracts and agreements for the deyelpnment 
24 pperat!pn maintenance repair and replacement pf prolects authorized 
25 I JCK1Ar tbjs chanter and 
10 
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(2) tal set prjces for the sale or lease Qf water made ayailable by 
2 the project In acpordance with Sectjon 73~26.506 and mles made by the 
3 .ll!l.all:l:.an 
4 Cbl emer intg mntras;ts tor the sale or lt;:ase ot thA wafer 
5 Section 15. Section 73-26-402, Utah Code Annotated 1953, Is enacted 
6 to read: 
7 73-26-402 Rulemaklng power of the board. 
8 In agcord;jnge with Chapter 468 Title 63 Utah Admlnlsfrat!ye 
9 Bu!emakfoo Ad the boan1 may make odes to· 
10 {1) defAnDIDA wafer chames as pmvkfed In Sftctklo 73·26.506· 
11 (2) administer and operate the reservplrs and associated facilities 
12 con§!mcted In acrordaOCft wl!b Section Z3-2fl-301 · 
13 (3) establish procedures for reyiewiog offers to contract for the 
14 sale or lease of deyek)Qf:d watec and 
15 141 set the Interest rate for repayment of construction and 
16 enyimnrnental mitjgatinn POsts 
17 Section 16. Section 73-26-403, Utah Code Annotated 1953, Is enacted 
18 to read: 
19 73-26-403 Immunity from sutt - Exception. 
20 Aptlvltles engaged In under outhor(ty of this chanter are 
21 goyernmental fqnctjons The state and itS officers and emplgyees are 
22 Immune from suit for any lnlurv or damage resq!t!ng frgm those 
23 actjvitjes except as pmyjdM In Secfjoo 63.S0-9 
24 Section 17. Section 73-26-404, Utah Code Annotated 1953, Is enacted 
25 to read: 
11 
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73-26-404 Eminent domain. 
2 In order to oonsfntct the mserygjrs and other taci!ffies a•rthnrized 
3 under thjs chanter the dMsjon may exerr;jse emjneot domajn as provided 
4 In Chapter 34 Trtle 78 Eminent Domajn 
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5 Section 18. Section 73-26-501, Utah Code Annotated 1953. Is enacted 
6 to read: 
7 Part 5. Financing and Cost Recovery 
8 73-26-501 Bear River Development Account created-Contents 
9 Use of account monies - Interest. 
10 ( 1 l There IS preated In the General Fund a restrjcted accgunt known 
11 as the Bear Bhfflr QeyeJooment Acgumt 
12 C2l The Bear Bhler Qeveloomem &mum consists ot· 
13 tal mnnles aoompdated to tt by the leoislatum· 
14 Cbl repayments of construcfion and enylronmenta! m!tiqatJon costs· 
15 lllld 
16 Cc> expess bydrooowertjharges as pmyfded In Secfjon 73·26:503 
17 13\ Upon appmpriaf!on by the I egtslaflrre monjes from thA account 
18 shall be used for the planning and deyelopment of pmlects authodz;ed 
19 ttoder this chanter 
20 (4) Interest eamAd on monies In the account §hall be depp§lfAd lntp 
21 !he ammnt 
22 
23 
24 
Section 19. 
to read: 
73-26-502 
25 costs. 
Section 73-26-502. Utah Code Annotated 1953, Is enacted 
Analysis of benefits and costs Allocation of 
12 
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The djvisjon shall · 
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2 (1 \ ldentjfy the uses and calcplate the economjg benefjts and costs 
3 of the deye!oped water and 
4 C2\ a!Jocate project costs accordjoo to the fo!IQWIM pumoses· 
s <a> rnmmr aoolodrtStrial 
6 lbl agrigtftum!· 
7 tc\ hydropower 
8 (dl recreatjon· . 
9 (e) fjsh and wjldfjfe· and 
10 ff\ flood gmtml 
11 Section 20. Section 73-26-503, U1ah Code Annotated 1953, is enacted 
12 to read: 
13 73-26-503 Payment of proJect costs. 
14 (1 \ Cqnstructfon and onyl rgnmental mlfiqatign costs allocated tg 
15 mun lclna! or Jodustrja! uses shall be entirety repaid by the entitles 
16 contrnctjog for water deskmafed for those uses 
17 C2\ Twenty·f!YA percent of construction and enylronmenta! mttlgat!gn 
18 ljOSf S al!pcated to agricultural USA shall be repaid by entlt)A$ 
19 
20 
contractioo for amigdhrral wafer 
13\ The full <jOd$ gf operqt!on matntenange ropalr and 
21 replacement allocated to municipal Industrial and agrlgulfural uses 
22 shaD bA Chamoo to the entitjes oontmd!oo for water for those uses 
23 C4\ ProJect costs allgpaJed to repreat!gn fiSh and wJ!dljfe and 
24 fl o od contrgl are ngt reimbursable and shall be paid entlroly by the 
25 .stal.!l. 
13 
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lSl Cal The dMsjoo shall oegotjate mames with any oerson 
2 recejyjoo hydrooower bftnefits from a project 
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3 thl The phames :;hall at a minimum be suffjcient to pay all 
4 project costs allocated to hydmpower 
5 fql Chames In excess of the amount necessary to pay proJect costs 
6 allgcated to hydmoower :;hall be denosJted In the Bear Bjyer peyelnpment 
7 ~ 
8 Section 21 . Section 73-26-504, Utah Cote Annotated 1953, Is enacted 
9 to read: 
10 73-26-504 Period for repayment of construction and environmental 
11 mitigation costs. 
12 11) If a contract was made betgre completjon of the proJect the 
13 contractjog entjty shall repay the ponstruytlon and enylronmental 
14 mjtjgatjon posts wjthjn a perigd ngt to exceed 50 vears from the date the 
15 project was rompleted 
16 (2\ If a contract was made atter the proJect was completed the 
17 
18 
contrar;tiog entity shall repay the cnnstnu;tlon and envlmnmeotal 
mifigat!on costs with in a per(pd not tp exceed 50 years from the dato the 
19 contract was made 
20 Section 22. Section 73-26-505, Utah Code Annotated 1953, Is enacted 
21 to read: 
22 73-26-505 Interest. 
23 
24 
25 
Interest go the unpaid 
enylmnmental mitlqatfon costs 
balance pf relmbqrsable construct!gn and 
shall be charged at rate set by thft 
14 
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Section 23. Section 73-26-506, Utah Code Annotated 1953, Is enacted 
2 to read: 
3 73-26-506 Water charges. 
4 The djvlslnn shall SA! nrjces for the sale or lease of developed 
5 water :;uffidgnt to· 
6 CO recoyer the reimbursable constmctlon and enylronmeotal 
7 m!tjgat!on costs within the time neclod specified In Sectlpn 73.26. 505 
8 and pay fpc the trnerftst on those msts· 
9 (2) pay for onemtk)n and maintenance oosts· and 
10 <31 accurmdate an adequate resew for reoalr and mptacemem 
11 Section 24. Section 73-26-507, Utah Code Annotated 1953, Is enacted 
12 to read: 
13 73-26-507 Repayments returned to Bear River DevelopmentAccount 
14 - Deposit of remaining revenue - Division of Finance authorized to 
15 establish accounts. 
16 (1 \ Repayments of constnmtlpn and enylmnmental mitigation cpsts 
17 the lnterast <;harned and excess hvdmpower phames shall be deoo:;Hed In 
18 tho Bear Riyer Qftvelnnment Aqxvrnt 
19 C2\ Tho Qlyi:;Jon of F inance shall establish an entecpr(sa fund In 
20 accordam;e with Section 51 .. 5.4 and generally accepted acqounf(ng 
21 prlnplples for the dApnslt of reyenues designated fgr operation 
22 ma!DfenaCJ<ifl repair and replacement 
23 (3) JbA [')Mslgn of Fmanca rmy esfabfrsh 3!XX\! lOtS as oecgssarv pr 
24 desirable to agxumfi:)b the pumoses of this mamer 
25 Section 25 Appropriation. 
15 
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There js appmprjated jn fjscal year 1990-91 $10 000 000 from the 
2 General Eqnd to the Bear Bjyer Deyelopment Account Tbjs money js 
nonlapsjng 
Januruy 23, 1991 
MANAGEMENT AND FISCAL ANALYSIS 
S. B.98 
This bill appropfia1es $10,000,000 In General Funds 1o a restricted account for use by the Division of 
Water Resources to develop wa1er reservoirs and associated faciltties on the Bear River. The funds are 
non~apsing. The bill also crea1es an enterprise fund for the operallon of the project. The bill sets several 
Important financial precedents. 
1. This bill requires the State to be the developer\owner of !he projects. 
Current practice Is for ownership by local governments or water 
conservancy districts. The State has assisted these entHies In financing 
projects. 
2. The State assumes full responslbiiHy for costs associated wHh recreation, 
fish, wildlife, and flood control. It assumes 75 percent responslbiiHy for 
environmental mHigatlon. In part these costs have been paid back to the 
Stale by the developing agency. 
3 . It allows the State to build a project before there is demand for the wa1er. 
4. The bill provides for the adminlstrallon of and opera11on of reservoirs. 
The expansion over the last few years of new funds or accounts has created an excessive burden on 
the Division of Finance. Each new fund crea1ed by leglsla1ion wiD ultima1ely require an appropriation to the 
Division of Finance for the added workload. 
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